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PREFACE 


The thesis entitled: ’’Photochemical and Thermal 
Transformations of a Few Heterohexatrienes , Dibenzobarrelenes 
and Related Systems” is divided into three chapters. Chapter 1 
deals with a brief survey of the photochemical transformations 
of heterohexa-1 , 3 , 5-trienes , followed by our studies, employing 
cis -1 . Z-dibenzoylalkenes such as, 2 , S-dibenzoylbicyclo [2 . 2 . 1] - 
hept-2-Bne (1_) and 2 , 3-dibenzoylbicyclo [2 . 2 . 2} oct-2-ene (2.). 
Substrates such as (1_) and (^) have been chosen for our photo- 
chemical studies since the cis - trans -isomerizations of the 
alkene double bonds in these systems will be prevented by 
structural constraints. 

Irradiation of i in dry methanol, for example, gave a 

41% yield of methyl 3 - ( phenoxyp henylmethylene ) bicyclo [2 . 2 . l] - 

heptane-2- exo -carbox.vlate (^) • In contrast, the irradiation of 
1_ in benzene gave a 15% yield of 3—(phcnoxyphenylmethylene)— 
bicyclo [2. 2.1J heptane-2-e>^-carboxylic acid (4), as the only 
isolable product. Similarly, the irradiation of 2 in methanol 
gave a 20% yield of methyl 3 -(phenoxyphenylmethylene)bicyclo- 
[ 2 . 2 . 2 ] octane-2-carboxylate (^). On the other hand, the irra- 
diation of 2 in methanol using a Hanovia 450-W medium-pressure 
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lamp source, with pyrex filter gave a 5?io yield of the lactone 
as the only isolable product. In^terestingly, the irradia 
tion of 2 in benzene solution in a Srinivasan-Griffin Rayonet 
photochemical reactor with 3500 8 light source, resulted in 
the formation of a mixture of products consisting of the 
lactone (20%) and 3-(phenoxyphenylmethylene ) bicyclo [2. 2- 2]- 
octane-2-carboxylic acid (X> 7%). It has been shown that the 
base-catalysed hydrolysis of the ester ^ leads to the acid 2.* 
in agreement with the assigned structures for these compounds 

Laser flash-photolysis studies of 1_ and 2 reveal 
that diradical intermediates may be involved in their trans- 
formation to different products. 

In continuation of our studies we have examined the 
thermal transformations of 1_ and 2. Heating of 2 around 370° 
for 1 hr resulted in the formation of a 26% yield of 
2- endo -3- exo -dibenzovlbicvclo [2.2.11 heptane (B_)» presumably 
arising through a disproportionation reaction. In contrast, 
the thermolysis of 2 { 310°) resulted in the formation of a 
42% yield of 2-benzoyl-3-phenylbicyclo [2 . 2 . 2] oct-2-ene (2.) » 
which may arise through the decarbonylation of the lactonic 
intermediate 6. 
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Reasonable mechanisms have been suggested for 
the formation of the different products in the thermal 
and photochemical transformations of 1_ and 

Chapter 2 of the thesis deals with our studies 
on the photochemical and thermal transformations of a few 
barrelene derivatives containing the cis -1 . 2- dibenzo vlalkene 
moiety. These include 1 1 , 1 2-dibenzoyl-9 , 1 0-di hydro-9 , 1 0-ethe- 
noanthracene ( 1_0) , 11,12-dibenzoyl-9,10-dihydro-9-methyl- 
9 , 1 O-ethenoanthracene , 11,12-dibenzoyl-9,10-dihydro-9-hy- 

droxy-9 , 1 0-ethenoant hracene (1_^) and 1 1 , 1 2-dibenzoyl-9 , 1 0-di- 
hydro -9,1 O-dimethyl-9,1 O-ethenoanthracene (1_3 ) . 

Irradiation of 1_0 in methanol, for example, gave 

P R 

a 52 % yield of 1 , 2-diben zoyldi ben zo tri cyclo [3 . 3 . 0 . 0 ’ ]- 
octa-3 , 6-diene (1_4) and a small amount (4%) of benzoic acid. 

It was observed that the yield of benzoic acid increased { 22 %) 
when the irradiation of 1_Q. was carried out in methanol, satu- 
rated with oxygen. Irradiation of 1_0. in acetone however, gave 
a 89^ yield of 1_4. Catalytic hydrogenation of 1_£ over palla- 
dium on calcium carbonate gave 9a,10-dibenzoyl-4b,9,9a,lQ-tet- 
rah vdro- ci s -indeno[ 1 ,2-a]indene (1_5), indicating thereby that 
the cyclopropane ring of 1_4 is cleaved under these conditions. 
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Irradiation of _1J_ in dry benzene gave a 545$ yield 
of 8c,8d-dibenzoyl-4b,8b,8c,Bd-tetrahydro-4b-methylriibenzo- 
[ a , bj cyclopro p a [c , d} pen talene (1_6) and a small amount (12%) 
of benzoic acid. Similar results have been obtained in the 
irradiation of 1J_ in solvents such as methanol and acetone. 
Catalytic hydrogenation of 1 _^ over palladium on calcium 
carbonate gave 9a,10-diben2oyl-4b,9,9a,1Q-tetrahydro-4b-methyl- 
ci_s-indeno [l , 2-a] indene (IT.)- The fact that 1_7 is formed from 
1_6 would suggest that the methyl group in 1_6 is not attached 
to the cyclopropane ring and that the photorearrangement of 

1 1 leads to the semibullvalene 16 . 

Irradiation of the hydroxyba rrelene derivative 1 2 . 
in benzene, on the other hand, gave a mixture of products 
consisting of 9a,10-dibenzoyl-4b,9,9a,1D-tetrahydro-9-oxo- 
cis -indenofl .2-alindene (16. 26%) and benzoic acid (4%). 

Similar results have been obtained when the irradiation of 

1 2 was carried out in acetone. 

In contrast to the photoreactions of 1 □ . 1 1 and 12 . 
the irradiation of 1_3 gave rise to a mixture of products. 
Irradiation of 1_3 in benzene, for example, gave a mixture of 
2, 3- di benzoyl -2, 3- dihydro-1,4-dimethyl-2-benzo naphthalene 
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1 25 S) , 1 , 4-dibenzoyl-5 , 8-dime t hyl-2 , 6-diben zocycloDcta- 
tetraene (^, 2Q%) , an isomeric hydroxy compound (21_, 45'?^) 
and benzoic acid (7^). Similarly, irradiation of 1_3 in 
methanol gave a mixture of (25%), 20_ (27%) and benzoic 
acid (8%). In contrast, the irradiation of 1_3 in acetone 
gave a mixture of 9a,1Q-dibenzoyl-4b,9,9a,10-tetrahydro- 
4b-methyl-9-methylene-ci_s-indeno [1 , 2-a] indene (22., 80%) and 
benzoic acid (7%). 

In contrast to the photoransforma tions of the 
barrelene derivatives such as 1_0., 1J_, V2 and 1_3, their 
thermal transformations appear to proceed through a retro- 
Diels-Alder fragmentation mode. Thus, the thermolysis of 
1 1 around 250° (refluxing diphenyl ether) resulted in the 
isolation of a 23% yield of 9-methylanthracene . Similarly, 
the thermolysis of 1_3 under analogous conditions gave a 16% 
yield of 9 , 1 O-dime thylan thracene , along with a small amount of 
benzoic acid (6%). In contrast, the thermolysis of XZ. in 
refluxing diphenyl ether gave a 26% yield of anthraquinone , 
besides polymeric materials. Reasonable mechanisms have been 
suggested for the different products formed in the photochemical 
and thermal transformations of the barrelene derivatives, 1 0 . 

11, 12 and 13.. 
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The results of our studies on the photochemical and 
thermal transformations of a few 2H-1 , 2 , 4-benro thi adi azine 

1.1- dioxides which could be the precursors for 1,4,6-thia- 
diaza-1 , 3, 5-hexatriene systems, forms the subject matter of 
Chapter 3 of this thesis. The thiadiazine derivatives that 
we have studied include, 2H-1 , 2, 4-benzothiadiazine-2-phenyl 

1.1- dioxide (^) , 2H-1 , 2, 4~benzothiadiazine-3-methyl-2-phenyl 

1,1-dioxide {2A.) r 2H-1 , 2 , 4-bBnzo thiadiazine-3-methyl-2- ( 2 ' -me- 
thylphenyl) 1,1-dioxide (2_5), 2H-1 , 2 , 4-b enzo thi adi azine-2- ( 4 ' -me 
thylphenyl) 1,1-dioxide (2j6) and 2H-1 , 2 , 4-benzothi adiazine-2-cy~ 
clohexyl-3-me thyl 1,1 -dioxide i2J_) , Irradiation of 2J, in 
methanol, for example, gave a mixture of products consisting 

of N-(2 '-aminobenzenesulfonyl ) aniline (££, 12%) and N-(2’-for- 
mami dobenzene sulfonyl ) aniline (2^, Similarly, the irra- 

diation of 23i in benzene gave a 68?^ yield of 2^. Irradiation 
of 2^ in methanol, on the other hand, gave a 44^ yield of 
5H-dibenzo[b,g][ 1 ,4,6]thiadiazocine-6-methyl 1 2,1 2- dioxide 
(.30.), whereas in benzene a 25^ yield of 30. was obtained. Like- 
wise, the irradiation of 2^ in methanol and benzene gave 5H-di- 
ben zo [b , g] [l , 4 , 6] thiadiazocine-4 , 6-dime thyl 12,12-dioxide ( 31 ) 
in 3395 and 37% yields, respectively. Similarly, the irradia- 
tion of 2^ in methanol and benzene gave 5H-dibenzo[b,g][1,4,6]- 
thi adia zocine-2 , 6 -dime thyl 12,12-dioxide (3^), in 30% and 46%, 
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respectively. On the other hand, the irradiation of ^ in 
benzene, under analogous conditions, did not result in any 
photo transformation . 

In continuation of our studies we have examined the 
thermal transformations of the thiadiazines 23-27 » Heating of 
2 3 in refluxing diphenyl ether for 10 hr, for example, resulted 
in the formation of a 87^ yield of 2£. In contrast, the thermo- 
lysis of 2^, 2_5 and 2^, under analogous conditions did not give 
rise to any isolable product, except the unchanged starting 
material, in each case- Heating of 27 . in refluxing diphenyl 
ether, on the other hand, gave a 82 % yield of 2-amino—2,3-di- 
hydro-2-me thyl-1 , 3-benzothiazole 1,1 -dioxide { 3 ^). Reasonable 
mechanisms have been suggested for the formation of the dif- 
ferent products in the photochemical and thermal transformations 
of the different thiadiazine derivatives (^-2X), that we have 
examined. 
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CHAPTER I 

PHOTOCHEMICAL AND THERMAL TRANSFORMATIONS OF 
A FEW cis-1 .2-DIBENZ0YLALKENE5 


X -1 ABSTRACT 

Photochemical and thermal transformations of a few 
cis -l . 2-dibenzovlalkenes such as 2, 3-dibenzoylbicyclo [2. 2. l] - 
hept-2-ene (2^) and 2 , 3-dibenzoylbicyclo [2 . 2 . 2 joct-2-ene ( 26 ) 
have been studied. Substrates such as 2^ and 2_6 have been 
chosen for our studies since the cis-trans isomerizations of 


the alkene double bonds in these systems will be prevented 
by rigid structural constraints. 



2 


Irradiation of 2^ in benzene, for example, gave 
a 15% yield of 3- (phenoxyphenylme thylene ) bicyclo [ 2 . 2 . 1 ]- 
heptane-2- exo -carboxvlic acid (3^), as the only isolable 
product- In contrast, irradiation of 2 ^ in dry methanol 
gave a 41 % yield of methyl 3-(phenoxyphenylmethylene)- 
bicvclof2.2.ll heptane-2- exo -carboxvlate (^) , as the only 
isolable product. Similarly, the irradiation of 26 in 
benzene gave a mixture of products consisting of the 
lactone ^ (20%) and 3-(phenoxyphenylmethylene)bicyclo- 
[ 2 . 2 . 2 I octane-2-carboxylic acid (4^, 7%)* On the other 
hand, the irradiation of 2 ^ in methanol, in a Srinivasan- 
Griffin Rayonet photochemical reactor with 3500 % light 
source, resulted in a 20% yield of methyl 3—(phenoxyphenyl— 
me thylen e ) bicy do [ 2 . 2 . 2 ] oc t ane-2-carboxyla te ( 39 ) « In 
contrast, the irradiation of 26 in methanol, employing a 
Hanovia 450-W medium-pressure mercury lamp, provided with 
a pyrex filter, gave a 5% yield of the lactone as the 

only isolable product. It has been shown that the base- 
catalyzed hydrolysis of the ester 29 leads to the acid 40, 
in agreement with the assigned structures for these 
compounds . 

Laser flash-photolysis studies of 22 and 26. 
reveal that diradical intermediates may be involved in 
their transformations to different products. 
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In continuation of our studies, we have examined 
the thermal transformations of 2^ and 2^. Heating of 2^ 
around 370^ for 1 hr resulted in the formation of a 26% 
yield of 2- endQ -3- exo- dibenzovlbicyclo[2.2«l1 heptane ( 44 ) , 
presumably arising through a disproportionation reaction. 
In contrast, the thermolysis of 2_6 around 310° resulted in 
the formation of a A2% yield of 2-benzoyl-3-phenylbicyclo- 
[2 . 2 . 2] oct-2-ene ( 47) . which may arise through the decar- 
bonylation of the lactonic intermediate 38 . 

Reasonable mechanisms have been suggested for the 
formation of the different products in the photochemical 
and thermal transformations of 2^ and 26 . 

1.2 INTRODUCTION 

Griffin and O'Connell and also Zimmerman and 
2 

co-workers have shown that dibenzoylethylenes 1.-^ 
undergo an interesting photorearrangement in protic 
solvents such as alcohols, resulting in the formation 
of the corresponding esters (Scheme 1-1). Thus, 

it has been observed that the photolysis of cis -1 , 2-di- 
benzoylethylene (i) in ethanol leads to the formation of 
ethyl 4-phenyl-4-phenoxy-3-butenoatB (2.) • Similar 
transformations have been observed in the case of diben- 
zoylstyrene (2.) and dibenzoylstilbene (^) , leading to the 
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formation of the corresponding esters 1_0 and 1_1_, respectively 
Padwa et al . have shown that the photolysis of trans -diben- 
zoylstilbene (8_) gives rise to different products, depending 
upon the nature of the solvent employed. Thus, the irradia- 
tion of ^ in benzene, for example, gives a mixture of product 
consisting of cis -dibenzoylstilbene (_3) and 1 -hydroxy-2 , 3- 
diphenyl-4-phenoxyn aphthalene (14.), whereas 2 , 3 , 4-triphenyl- 
4-phenoxy-3-butenoic acid (1.2) is formed in aqueous dioxane. 
Mention may also be made that Sugiyama and Kashima^ have 
observed that the photolysis of 1 , 2-dibenzoylethylene (1.) in 
acidic methanol results in the formation of a mixture of 
products consisting of methyl 4-phenyl-4-phenQxy-3-butenoate, 

1 , 2-dibenzoyl-1 -methoxye thane and 2, 5-diphenylf uran . 

Zimmerman and co-workers^ had suggested that the 
phototransf ormations of diben zoylethylene s 1.-3. , giving 
rise to the corresponding esters 9-1 1 , can be rationalized 

in terms of the pathway shown in Scheme 1.1. On the basis of 
detailed quenching studies, they had suggested that the photo 
transformations of dibenzoyle thylene s proceed primarily from 
their excited singlet states. 

In the photoreactions of dibenzoylalkenes , it has 
been generally observed that a major photochemical pathway 
involves the ci s - trans isomerization of the alkene double 
bond. In recent studies, however, it has been shown that 
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substrates, wherein the cis - trans isoTnerizatien possibility 
is prevented through geometric constraints, undergo the 
expected photorearrangement almost exclusively. Thus, it 
has been observed that the photolysis of a cis -1 . 2-diben- 
zoylalkene system such as 2, 3-dibenzoylbicyclo[2 . 2. 2] octa- 
2, 5-diene (1_X) in benzene, for example, gives rise to a 
mixture of 6-(phenoxyphenylmethylene) bicyclo [2. 2 . ^ oct-2-ene- 

5- exo -carboxylic acid (18., 26 %) ^ 6-(phenoxyphenylmethylene)- 
bicyclo [2 . 2 . 2 ] oct-2-ene-5-ejTdo.-carboxylic acid (lH., 6%), and 
an isomeric lactone, 22. (23^) (Scheme 1.2). The photolysis 
of U. in methanol, on the other hand, has been reported to 
give a mixture of methyl 6-(phenoxyphBnylmethylene)bicyclo- 
[ 2 . 2 . 2 Joe t-2 -ene-5- exo -carboxvlate (20., 69 %) and methyl 

6- (phenoxyphenylmethylene)bicyclo[2.2.2'J oct-2-ene-5- endo - 

carboxylate (21, 1%) (Scheme 1.2). In contrast, the photo- 

transformation of 2 , 3-diben zoylbicyclo [ 2 . 2 . 1 ] hep t-2-ene (23.) 

2 5 3 5t 

gave mostly 2 , 3-dibenzoylquadricyclo [2 . 2 . 1 -0 ^ .0 ’ J heptane 

2 2 

(24, 90?S) , presumably, arising through a[iTs + irs] type of 
photoaddition reaction (Scheme 1.3). 

The object of the present investigation has been to 
study the photochemical transformations of a few represen- 
tative cis -1 , 2-dibenzovlalkene systems such as 2,3-dibenzoyl- 
bicyclo [2 . 2 . 1 ] hept-2-ene (.^) and 2 , 3-dibenzoylbicyclo [2 . 2 . 2] - 
oct-2-ene (£.£) , wherein both the ci s - trans isomerization of 

2 2 n 

the alkene double bond and also the [ it s + ir s J type of 
addition possibilities are absent. 



Scheme I . 2 
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Scheme 1.3 
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I *3 RESULTS AND DI5CU55IQM 

Photolysis of cis-1 , 2-Dibenzoylalkenes 

The cis_-1 , 2-dibenzoylalkene s that we have employed 
in the present investigations, namely, 2,3—dibenzQylbicyclo— 
[ 2 . 2 . 1 3 hept-2-ene (2^) and 2, 3-dibenzoylbicyclo [2 . 2 . 2] oct- 
2-ene (2£) have been prepared from the corresponding diene 
precursors through catalytic hydrogenation. Thus, the 
catalytic hydrogenation of 2, 3-dibenzoylbicyclo [2 . 2 . 1] hepta- 
2,5-diene {2J_) over 5% Pd on CaCO^ in ethyl acetate gave a 
93% yield of 2 , 3-dibenzoylbicyclo [ 2 . 2 . ij hept-2-ene ( 25 ) . 
Similarly, the hydrogenation of 2, 3-dibenzoylbi cyclo [2 . 2 . 2] - 
octa-2, 5-diene (2^), under analogous conditions, gave a 89% 
yield of 2 , 3-dibenzoylbicyclo [2 . 2 . 2] oct-2-ene (2^). The 
structures of both 2^ and 2^ have been established on the 
basis of analytical results and spect-^al data. The NMR 
spectrum of 2^ (Fig. 1.1), for example, showed a singlet at 
5 3.50 (2 H), due to the bridgehead protons, whereas the 
methylene protons appeared as a complex multiplet centred 
around 5 1.78 (2 H) . In addition, the spectrum contained 
a complex multiplet centred around 6 7. 18 (10 H), due to 
the aromatic protons. 

The NMR spectrum of 2_£ (Fig. 1.2) showed a 
doublet at 6 3.15 (2 H), due to the bridgehead protons, 

whereas the methylene protons appeared as two sets of 




Fig, 1.1 H NMR spectrum (90 MHz) of 25 . 
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multiplets centred around 6 0.93 (4 H) and 1.75 (4 H), 
respectively. The aromatic protons appeared as a complex 
multiplet centred around 6 7*20 (10 H). Irradiation of a 
benzene solution of 2 , 3-dibenzoylbicyclo [2 . 2 . 1] hept-2-ene 
(2^) gave a 1 5% yield of a product, identified as 3-(phe- 
noxyphenylmethylene)bicyclo[2.2.l] heptane-2- exo -carboxvlic 
acid ( 34 ) . whereas in methanol, a 41 ^ yield of methyl 
3- ( phenoxyphenylme thylene )bicyclQ[2.2.l] heptane-2- exo - 
carboxylate (3^) was obtained. The structures of 3^ and 3^ 
have been arrived at on the basis of analytical results and 
spectral data. 

The NMR spectrum of 3 ^ (Fig. 1.3), for example, 
showed a complex multiplet centred around 6 1.75 (6 H), 
assigned to the methylene protons and two broad singlets 
at <5 2.66 (1 H) and 3.16 (1 H), respectively, assigned to 
the bridgehead protons. In addition, the spectrum displayed 
a doublet at 6 3.50 (1 H), with a coupling constant of 2.5 Hz, 
which has been assigned to the endo proton. The aromatic 
protons in 34 appeared as a complex multiplet centred around 
6 7.01 (11 H). 

The mass spectrum of ^ (Fig. 1.4) showed a molecular 
ion peak at m/e 320. In addition, the spectrum showed several 
signals at m/e 293 (2), 275 (2), 247 (2), 226 (19), 199 (47), 
198 (7), 171 (23), 170 (10), 167 (4), 166 (6), 165 (0), 




Fig . 
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1 53 (1 2), 1 52 (1 2), 1 51 ( 3), 1 41 (1 1 ), 1 26 (8 ), 1 1 5 (1 5), 

105 (80), 94 (10), 77 (100) and 51 (8). Some of the possible 
fragmentations of 34 are shown in Scheme 1.4. The loss of 
both phenyl and hydroxyl radicals from the molecular ion 34 a 
will result in the fragment 34 b at m/e 226. Further loss of 
carbon monoxide from 34 b will result in 34 c at m/e 198, which 
in turn can lose an additional CO to give the fragment 34 f at 
m/e 170. The loss of a CO 2 H fragment from the molecular ion, 
on the other hand, will give rise to the fragment 34 e at m/e 
275 , whereas the loss of both CgHg and CO 2 fragments from 34 a 
will result in ^d at m/ e 199, which in turn can lose CO to 
give 34 a at m/e 1 71 . The loss of a phenyl group from ^g will, 
however, result in 34 h at m/e 94, whereas the loss of a ^ 2 ^ 4 . 
fragment and hydrogen atom from 34 f will give 34 i at m/e 141 . 

1 

The H mMR spectrum of 3^ (Fig. 1.5) showed a 
multiplet centred around 6 1 .74 (6 H) due to the methylene 
protons and two singlets at 6 2-69 (1 H) and 3.14 (1 H), due 
to the bridgehead protons. The ester methyl group appeared 
as a singlet at 6 3.29 (3 H), whereas the endo proton 
appeared as a doublet at 6 3.62 (J^ 2 ~ Hz). The 

aromatic protons appeared as two sets of multiplets, 
centred around fi 6.82 (2 H) and 7.30 (8 H) , respectively- 
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The mass spectrum of 3^ (Fig. 1-6) showed the 
molecular ion peak at m/e 334 (25). In addition, the 
spectrum showed several peaks at m/e 302 (2), 275 (8), 

247 (5), 243 (100), 185 (36), 181 (8), 165 (8), 153 (12), 
152 (11), 141 (7), 128 (6), 115 (16), 105 (41), 77 (53), 

65 (7) and 59 (14). Some of the fragmentation modes of 
the molecular ion 3J.a are shown in Scheme 1.5. 

The formation of products such as 3^ and 3^ in 

the photolysis of 2^ can be rationalized in terms of the 

pathways shown in Scheme 1.6. In this scheme, we assume 

that the initial step in the reaction is the excitation 

of 2_5, which eventually leads to its triplet state ( 25* ) . 

Subsequent interaction of one of the carbonyl groups in 

25* with the ir-system of an adjacent phenyl group will 

result in the diradical intermediate 3J_ (path 'a'), which 

in turn is transformed to the ketene intermediate 30 . 

through pathways analogous to the phototransformations of 

1 ~5 

dibenzoylethylene s . The ketene intermediate 30. can 

subsequently react with moisture present in the solvent 
(benzene) to give the carboxylic acid 3.4 or with methanol 
to give the methyl ester 3^ (Scheme 1.6). 

An alternative mode of transformation of 25* is 
through path ’b', shown in Scheme 1.6. As per this route, 
25 * can interact with the 7r-system of the adjacent carbonyl 
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group to give the diradical intermediate which in turn 

can rearrange to the lactone 3^. The fact that ^2 is not 
observed in the photo transformations of 2^ suggests that 
the diradical ^ is preferred over 22.. It is not clear 
whether steric considerations are involved in directing 
the course of the photoreaction of 2^ through the diradical 
intermediate in any preferential manner. 

Similarly, the irradiation of a benzene solution of 
2 , 3-diben zoylbicyclo [2 . 2 . 2] DC t-2-ene (2^) gave a mixture of 
products consisting of 3-(phenoxyphenylmethylene)bicyclo- 
[ 2 . 2 . 2 ] octane-2-carboxylic acid (^LQ.> ^^nd the bicyclic 

lactone ^ {2Q%) - On the other hand, when the irradiation 
of 2^ was carried out in methanol, a 205^ yield of methyl 
3- (phenoxyphenylm ethylene )bicyclo[2.2.2]octane-2-carboxylate 
( 39 ) was obtained. The structures of the different photo- 
products 3^ and 4^ have been arrived at on the basis of 

analytical results and spectral data. 

The H NMR spectrum of the lactone ^ (Fig. I.T), 
for example, showed a complex multiplet centred around 
<! 1.70 (8 H), due to the methylene protons and two singlets 
at 5 2.78 (1 H) and 3.0 (1 H), due to the bridgehead protons. 
In addition, the spectrum showed a complex multiplet centred 
around 6 7.35 (10 H) due to the aromatic protons. 
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The mass spectrum of 3^ (Fig. 1.0) showed a 
molecular ion peak at m/e 316 (14). Other peaks in the 
spectrum were observed at m/e 288 (1), 240 (5), 239 (23), 

222 (1 ), 221 (1 ), 21 1 (11 ), 209 (3), 1 94 (3), 193 (2), 

1 82 (2), 1 66 (1 ), 1 65 (6), 1 56 (1 ), 1 54 (1 ), 1 53 (1 ), 

1 52 (1 ), 1 1 5 (3), 1 05 (44), 32 (22) and 28 (100). Some 

of the probable fragmentation modes, which are in tune 
with the assigned structure are shown in Scheme 1.7- 

The H NMR spectrum of methyl 3-(phenoxyphenyl- 
methylene ) bicy do [2 . 2 . 2j octane-2-carboxylate (3^) (Fig. 1.9) 
showed a multiplet centred around 5 1.6 (8 H) due to the 
methylene protons and two other multiplets, centred around 
^ 2.0 (1 H) and 2.70 (1 H), respectively, due to the 
bridgehead protons. In addition, the spectrum showed a 
singlet at fi 3.4 (3 H) , due to the ester methoxy protons 
and superimposed on this singlet was a multiplet centred 
around 6 3.4 (1 H), assigned to the raethine proton, attached 

to the carbon, bearing the ester group. The aromatic protons 
appeared as a complex multiplet centred around 5 7-0 (10 H) . 

The mass spectrum of 3_2_ (Fig. 1. 10) showed a 
molecular ion peak at m/e 348 (2). In addition, the 
spectrum showed several peaks at m/e 304 (2), 303 (9), 

256 (99), 255 (100), 228 (2), 227 (52), 211 (20), 199 (5), 

162 (5), 134 (8), 133 (12), 106 (6), 105 (26), 91 (26), 
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78 (11), 77 (40), 65 (9) and 51 (9). Seme of the probable 

fragmentation patterns are shown in Scheme 1.8. 

The mass spectrum of 3-(phenoxyphenylmethylene)- 
bicyclo [2. 2 .2] octane-2-carboxylic acid (40_) (Fig. 1.11) 
showed a molecular ion peak at m/e 334 (50). In addition, 
the spectrum showed several peaks at m/ e 315 (1), 290 (4), 

289 (1 8), 241 (9), 240 (43), 239 (9), 21 3 (50), 21 2 (19 ), 

211 (10), 197 (5), 196 (10), 195 (12), 185 (9), 184 (30), 

183 (19), 168 (19), 167 (25), 166 (18), 165 (24), 155 (19), 
153 (23), 152 (30), 135 (14), 129 (16), 128 (20), 117 (12), 
115 ( 37 ), 105 (77), 77 (100), 65 (23) and 57 (12). Some of 
the likely fragmentation pathways for the molecular ion 40a 
are shown in Scheme 1.9. 

The correlation between the ester 3^ and the acid 
40 has been established through the base-catalyzed hydrolysis 
.32.> wherein a 63 % yield of the acid was isolated. 

The formation of products such as ^ and 4^ 

in the photolysis of 2 ^ can be rationalized in terms of 
the pathways shown in Scheme 1.10. It is assumed that the 
initial step in the reaction involves the excitation of 2 j 6 
to its excited singlet state, which undergoes rapid inter- 
system crossing to give the excited triplet state 26* . 
Subsequent interaction of one of the carbonyl groups with 
the IT— system of an adjacent phenyl ring will result in the 
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formation of the diradical intermediate 3X (path ’a*)> which 
in turn will be transformed to the ketene 3^. The ketene 
intermediate ,3^, can subsequently react with moisture present 
in the solvent (benzene) to give the carboxylic acid 4^ or 
with methanol to give the ester 39 . 

An alternative mode of transformation of 26* will 
be to give rise to the diradical .3^, arising through the 
interaction between the two carbonyl groups (path 'b’)> 
which can subsequently rearrange to the lactone 38 . The 
fact that the lactone 3^ has been observed in the photo- 
transformation of a rigid cis -dibenzovlalkene system such 
as 2^ would indicate that this is a possible pathway for 
the transformation of diben zoyle thylenes , in which the 
ci s-trans isomerization mode is prevented. It may be 
mentioned in this connection that similar photorearrange- 
ments of cis- 1 . 2-dibenzo vlalkene derivatives, leading to 

the corresponding lactonic products have been observed in 

g 

the case of te trabenzoylethylene and also 6,T-dibenzoyl- 
tricyclo[3.3.2.0^'^]nona-6,8-diene.^*^ 

I*3.2 Laser Flash-Photolysis Studies 

With’ a view to gaining some insight into the mechanism 
of the photo transforms tions of cis -1 . 2-dibenzovlalkenes such as 
2 , 3— diben zoylbi cyclo [2 . 2 . 1 ] hep t— 2— ene ( 25 ) and 2,3—dibenzoyl- 
bicyclo [2 . 2 . 2j oct-2-ene (2^) and also to understand the type of 
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irTtermediates involved in these reactions, we have carried out 

i 1 

the laser flash-photolysis studies of these two substrates. 

Laser excitations were carried out undfer oxygen-free conditions, 
with pulses (337.1 nm, 8 ns, 3 mJ) from a nitorgen laser. 

Laser excitation of a methanol solution of 26 . 
for example, led to intense transient signals with 
^max ^ lifetime (monitored at 430 nm) of 

16+2 Vs. This transient has been found to decay into a 
new species of rather similar spectrum, with '''410 nm 

and the lifetime of this species was long enough to be beyond 
the resolution of the instrument employed and therefore was 
estimated to exceed 50 Us. In several cases it had been 
observed that the first two or three points did not fit well 
with the rest of the data on the decay curve, suggesting 
thereby, that an even shorter lived transient may be involved. 


It has been assumed that this shorter lived species 

could be the triplet state 26*. whereas the short-lived 

transient could be attributed to one of the biradical species 

37 or 3^ (Scheme 1.10). This biradical species has been found 

to interact with oxygen and di- tert -bu tvl nitroxide and the 

rate constants for these processes in methanol have been 

8 g —"I —“I 

measured to be 5.7 x 10 and 1.8 x 10 M s , respectively. 

It might be mentioned in this connection that triplet-derived 

1 2-1 4 

biradicals are known to react with paramagnetic reagents. 
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The long-lived transient may probably be assigned to 
the ketene intermediate 36 « If the two transients observed 
are on the same reaction pathway, then the short lived 
biradical may be represented by 3X (Scheme 1.10). 

It has also been observed that the triplet state 
of phenanthrene is efficiently quenched by 2^ with a rate 
constant of 1 0 M s and that the quenching process 

leads to the formation of the same transients as in the 
direct-irradiation experiments. 

The quantum yield for the consumption of 2^ 
has been measured gas chromato graphically and it was found 
to be, <|) = 0.04. It is pertinent to observe that the 
transient signals observed on laser excitation of ^ have 
been quite intense and clearly cannot be attributed to 
species generated with a low quantum yield. It appears 
therefore, that the diradical species 3JX, formed with 
higher quantum yields undergoes reconversion to the 
starting material 26 . 

In the case of 2 , 3-dibenzoylbicyclo [ 2 . 2 . l] hept-2-Bne 
( 25 ) , however, it has been observed that the transient spectra 
are less intense than those observed in the case of 2^ and that 
short- and long-lived intermediates overlap extensively in the 
Visible region of the spectrum. It has been found that the 
short-lived species has a lifetime of 3 ys and that it interacts 
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With O 2 With k = 7 X 10^ , wi + h di- tert -butvl nitroxide 

with k = 1.7 X 10 M s and with a typical triplet quencher, 

2 , 5- dime thyl-2 , 4-hexadiene with k = 7 x 10 ^ s”*^ . Also, 

it has been observed that 25, quenches phenanthrene triplets 

9 —1 —1 

with k 2.4 X 10 M s and that phenanthrene-sensitiza- 

H 

tion leads to transient phenomena similar to those observed in 
the direct irradiations. The quantum yield of consumption of 
25 has been found to be, <t> = 0.02. 

The laser flash-photolysis studies, thus, reveal 
that a diradical intermediate such as 3J_ may be involved in 
the photo transforms tions of 2^, leading to the different 
products, as shown in Scheme 1.6. 

1.3.3 Thermal Transformations of a Few 
cis-1 , 2-DibenzQ.vlalkenes 

Several examples of the thermal transformations of 

1 5-21 

cis -1 . 2-dibenzovlalkenes are reported in the literature. 

Zinin, for example, had reported that the thermolysis of 

cis -1 . 2-dibenzo vlstilbene (3,) leads to an isomeric lactone 

15 16 

41 . Subsequent studies by Japp and Klingemann have shown 

that the product isolated by Zinin in the thermolysis of ^ is 

actually the decarbonylated derivative 4 ^ and not the isomeric 

lactone ^ (Scheme 1.11). 
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It may be mentioned in this connection that, the 

reported thermal rearrangement of tetraphenyl-£-diaxin (4^) 

1 7 

to give the lactone 4J_, has been shown to involve cis - 

1 , 2-dibenzoyls tilbene as an intermediate which then undergoes 

1 B 2D 

further transformation to give the lactone 4 ^. ' 

In the present studies, we have examined the 
thermal transformations of both 2,3-dibenzoylbicyclo- 
[ 2 . 2 . 1 ]hept-2-ene (2^) and 2 , 3-dibenzoylbicyclo [2 . 2 . 2 ]- 
oct-2-ene (^) , with a view to understanding the nature of 
the products formed in these reactions. Heating of 2^ around 
310° for 1 hr, for example, gave a 26 % yield of a product, 
identified as 2- endo -3- exo -dibenzo.vlbic.vclo [2.2.1] heptane 
( 44 ) . The structure of 4^ has been arrived at on the basis 
of analytical results and spectral data. Further, it has 
been shown that ±4 is formed in a 69 % yield, when 22 is 
hydrogenated over 5% Pd on CaCO^- 

The ** H NMR spectrum of £4 (Fig. 1.12), fox example, 
showed several signals at 6 1.29 (m, 2 H) , 1.67 (m, 2 H), 

1.80 (d, 1 H), 2.56 (s, 1 H) , 2.76 (s, 1 H), 4.14 (d, 1 H) , 
4.49 (m, 1 H), 7.50 (m, 6 H) and 8.04 (m, 4 H). Of these, 
the multiplets at 5 1 .29 and 1 .67 were assigned to the 

methylene protons, whereas the doublet at 6 1 .80 with a 
coupling constant of 10 Hz was assigned to the H-T' 

proton. It may be mentioned in this connection that the 
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observed coupling constant is in tune with reported values 
for the geminal proton couplings of methylene groups. The 
singlets at 6 2.56 and 2.76 have been assigned to the bridge- 
head protons H-4 and H-1 , respectively, whereas the doublet 
at 6 4.14 and multiplet at 64,49 have been assigned to the 
endo and exo protons, respectively. The assignment of the 
high-field multiplet to the exo proton and the low-field 
multiplet to the endo proton is in accordance with the 
reported values for similarly positioned protons in a 

substance such as 2- endo -3- exo -dinitrQbicvclor2.2.ll- 
22 

heptane. The multiplet centred around 6 T-50 was assigned 
to the ortho protons of the benzoyl groups, whereas the 
complex multiplet centred around <5 0.04 was assigned to the 
remaining aromatic protons. 

Further support for the structure of ^ was 
derived from its mass spectrum. The mass spectrum of 
44 (Fig. 1.13) showed a molecular ion peak at m/e 304 (3). 
Other prominent peaks in the spectrum were observed at m/e 
230 (20), 200 (6), 199 (43), 184 (3), 171 (14), 157 (2), 

133 (33), 115 (2), 105 (100), 91 (3), 77 (63), 67 (3), 

66 (11) and 55 (9). Some of the probable fragmentation 
modes of 44 are shown in Scheme 1.12. 
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In contrast to the thermal transformation of 25 . 
the thermolysis of 2^ gave a 42% yield of a product, 
identified as 2-ben2oyl-3-phenylbicyclo [2 . 2 . 2] oct-2-ene 
( 47 ) . The structure of 4_J was arrived at on the basis of 

-I 

analytical data and spectral information. Thus, the H NMR 
spectrum of 4_X (Fig. 1.14) showed a multiplet centred around 
6 1.7 (8 H) , due to the methylene protons and a singlet at 
6 3.D (2 H), due to the bridgehead protons. In addition, 
the spectrum showed two multiplets centred around 6 7.0 (0 H) 
and 7.5 (2 H) . Of these, the multiplet around 5 7.5 was 
assigned to the ortho protons of benzoyl group, whereas the 
multiplet around (5 7-0 was assigned to the remaining aromatic 
protons. 

The mass spectrum of 4_][ (Fig. 1.15) showed a 
molecular ion peak at m/e 288 (84). In addition, the 
spectrum showed several peaks at m/e 260 (13), 232 (3), 

211 (8), 183 (7), 165 (5), 155 (18), 153 (14), 151 (11), 

141 (0), 128 (11), 115 (15), 105 (80) and 77 (100). Some 

of the probable fragmentation modes of ^ are shown in 
Scheme 1.13. 

The formation of ^ in the thermolysis of 2^ may 
occur through a disproportionation reaction, perhaps 
involving radical intermediates. It is interesting to 
note that none of the expected rearrangement products 
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could be isolated from this reaction (Scheme 1.14). The 
formation of ^ in the thermolysis of 2^, however, can be 
rationalized in terms of the initial rearrangement of 2 ^ 
to the isomeric lactone 3^, followed by the loss of CO 
from under the reaction conditions, as shown in 

Scheme 1.14. 

I .4 EXPERIMENTAL 

All melting points are uncorrected and were 
determined on a Mel-Temp melting-point apparatus. The 
IR spectra were recorded on Perkin-Elmer Model 377 or 
Model 580 infrared spectrometers. The electronic spectra 
were recorded either on a Beckman DB spectrophotometer or 
on a Varian Cary-1 7D spectrophotometer. The MMR traces 
were recorded on a Varian A-60 or Brucker WH-270 NMR 
spectrometer. The mass spectra were recorded on a Varian 
Mat CH7 mass spectrometer at 70 eV. All the irradiation 
experiments were carried out either in a Srinivasan-Griffin 
Rayonet photochemical reactor (3500 or by using a Hanovia 
450-W medium-pressure mercury lamp in a quartz-j acketed 
immersion well. Dry benzene and absolute methanol were 
used for the photolysis experiments. Petroleum ether used 
was the fraction, bp 60-80°. 
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1.4.1 

A solution of 2 , 3-di be nzoylbicycl o [2 . 2 , 1 ] hep ta-2 , 5-diene 
1 9 23 

was hydrogenated o\/er 5 % Pd on CaCD^ 
in ethyl acetate for 74 hr, at room temperature and ID psi of 
hydrogen gas. Removal of the catalyst and evaporation of the 
solvent under vacuum gave a product, which was recrystallized 
from ethyl acetate to give 2.8 g (935^) of 2 ^, mp 135° (iit.^^ 
mp 1 32.5°) . 

IR spectrum (KBr) v ; 3040, 2970 and 2900 cm’*’"' 

1 650 cm~^ 1615 cm ^ ^ ^C-C^ ‘ 

UV spectrum (methanol) 260 nm (e, 14,450). 

Mass spectrum m/e (relative intensity): 302 (25), 

274 (11), 261 (5), 246 (2), 195 (5), 101 (B), 169 (4), 

153 (3), 141 (5), 115 (5), 105 (100), 77 (98), 62 (8) 
and 51 (5). 


Preparation of 2,3-Dibenzo.vlbicvclo- 
_2 . 2 .1 ] hep t-2-ene (25) 


1,4.2 Preparation of 2,3-Dibenzo.vlbic,vclo- 
[ 2 . 2 oct--2-ene (26) 

A solution of 2 , 3-diben zoylbicyclo [2 . 2 . 2] oc ta-2 , 5-dien e 
( 28 ) (3.14 g, 0.01 mol) in ethyl acetate (150 ml) was hydroge- 
nated over 5 % Pd on CaCO^ at room temperature and 10 psi of 
hydrogen, for 72 hr. Removal of the catalyst and evaporation 
of the solvent under vacuum gave a product, which was recrystal- 
lized from ethyl acetate to give 2,8 g (89%) of 2^, mp 145°. 



50 


Anal . Calcd for ^ 22 ^ 20 ^ 2 ’ 83.03; H, 6.91. 

Found: C, 83.71 ; H, 6.99. 

IR spectrum (KBr) v ; 3040, 2928 and 2900 cm“^ 

max 

1 660 cm ^ ^'^C-0^' 1615 cm~^ 

UV spectrum (methanol) 260 nm (e , 1 6,300). 

Mass spectrum m/e (relative intensity); 316 (40), 
288 (10), 260 (7), 248 (40), 238 (7), 211 (20), 209 (16), 
103 (11), 165 (7), 155 (12), 141 (7), 128 (7), 105 (78), 

77 (100) and 51 (30). 

1.4.3 Photolysis of 2 , 3-Diben zoylbicyclo [2 . 2 . 1 ] - 
hept.-2-ene (25) in Benzene 

A solution of 2^ (1.0 g, 3.3 mmol) in benzene 
(450 ml) was irradiated for 3 hr, using a Hanovia 450-W 
medium-pressure mercury lamp, provided with a pyrex 
filter. The experiment was repeated a few times to 
photolyse, in all, 3.02 g (10 mmol) of 2_^. Removal of 
the solvent under vacuum gave a residual solid, which 
was chromatographed over silica gel. Elution with a 
mixture (4:1) of petroleum ether and benzene gave 850 mg 
(2895) of the unchanged starting material (2^), mp 1 34-1 35° 
(mixture melting point). 
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Subsequent elution of the column with a mixture 
(1 :1 ) of petroleum ether and benzene gav/e 480 mg (15^) of 
3-(phenoxyp henylm ethyl Bne)bicy cl o[2. 2.1] heptane-2- exo - 
carboxylic acid ( 34 ) . mp 190°, after recrystallization 
from benzene. 

Anal . Calcd for C 2 gH 2 QD 3 : C, 70.75; H, 6.25; 

Mol. wt., 320. Found! C, 78.91; H, 6.41; Mol. wt., 

320 (Mass spectrometry) . 

IR spectrum (KBr) v : 3550-3250 cm~*' (v ) 

max 0-H ’ 

3140, 3000 and 2950 cm"^ ^ ^ ^^0=0^' 

1 600 and 1 500 cm~^ 

UV spectrum (methanol) \ : 229 nm (e, 11,400) 

max 

and 260 (13,500). 


1.4.4 Photolysis of 2 , 3-Dibenzoylbic,vclo [2 . 2 . 1 1 - 
hept-2-ene (25) in Methanol 


A solution of (300 mg, 1 mmol) in methanol 
(100 ml) was irradiated for 0 hr in a Srinivasan-Grif fin 
Bayonet photochemical reactor, equipped with a 3500 ^ 
light source. The photolysis was repeated several times 
to photolyse, in all, 1.5 g (5 mmol) of 2 ^. The solvent 
was removed under vacuum and the residue was chromato- 
graphed over silica gel. Elution of the column with a 
mixture (9:1) of petroleum ether and benzene gave 680 mg 
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(41%) of methyl 3-{phenoxyphBnyimethylene)bxcyclo[2.2.1]- 
hep tane — 2-6,)^— carboxylate ( 33 ) . mp 1D0°, after recrystal — 
lization from benzene. 

Anal . Caleb for ^22^22^3* 79.42; H, 6.58; 

Mol. wt., 334. Founds C, 79.25; H, 6.35; Mol. wt., 

334 (Mass spectrometry). 

IR spectrum (KBr) v : 3040, 2980 and 2950 cm"^ 

max 

(''^Q_l^)» 1720 cm ^ ^^C-0^’ 1 605 and 1 502 cm 

UV spectrum (methanol) X s 233 nm (e, 12,600), 

m 3 X 

260 (19,300) and 274 (9,100). 

Further elution of the column with a mixture 
(4:1) Bf petroleum ether and benzene gave 170 mg (11%) 
of the unchanged starting material (2^), mp 134-135° 
(mixture melting point). 

1.4.5 Photolysis of 2 , 3-Dibenzoylbicyclo [ 2 . 2 . 2] - 
oct-2-ene (26) in Benzene 

A solution of 2 ^ (1.1 g, 3.5 mmol) in benzene 
(500 ml) was irradiated for 3 hr in a Hanovia 450-W 
medium-pressure mercury lamp, provided with a pyrex 
filter. The photolysis was repeated with an additional 
quantity (1.1 g, 3.5 mmol) of 2_6 and the combined photo- 
lysates were worked up by removal of the solvent under 
vacuum and chromatographing the residual solid thus 



53 


obtained, over silica gel. Elution of the column with a 
mixture (5:1) of petroleum ether and benzene gave 440 mg 
( 20 ^) of a product, mp 206 °, after recrystallization from 
a mixture ( 1 : 1 ) of petroleum ether and benzene and identi- 
fied as the lactone 3B . 

An al . Calcd for ^22^20^2* 03.52; H, 6.37; 

Mol. wt . , 316. Found: C, 82.72; H, 6.69; Mol. wt., 

316 [Mass spectrometry). 

IR spectrum (KBr) : 3000, 2950 and 2898 cm 

max 

1 750 cm ^ 1 668 and 1 660 cm ^ . 

UV spectrum (methanol) 236 nm (e, 21,300), 

242 (10,000, sh), 280 (7,100) and 290 (6,500). 

Subsequent elution of the column with a mixture 
( 1 : 1 ) of petroleum ether and benzene gave 160 mg ^ 1 %) of 
3-(phenoxyphenylmethylene)bicyclQ[2.2.2j octane-2-carboxylic 
acid (^) , mp 218°, after recrystallization from benzene. 

Anal . Calcd for 022 ^ 22 *^ 3 * 79.05; H, 6.58; 

Mol. wt., 334. Found: C, 78.42; H, 6.12; Mol. wt., 

334 (Mass spectrometry). 

IR spectrum (KBr) 3550-3250 cm ^ » 

2980 and 2900 cm"'' 


^ ^^ 0 = 0 ^ ■ 
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UV spectrum (methanol) 222 nm (e, 1 2,000) 

and 260 ( 12 , 200 ). 

1 . 4*6 Photolysis of 2 , 3-Diben zoylbicyclo [2 . 2 . 2] - 
oct-2-ene (26) in Methanol 

A solution of 2^ (316 mg, 1 mmol) in methanol 
(100 ml) was irradiated for B hr in a Snnivasan-Griffin 
Bayonet photochemical reactor using a 3500 ^ light source. 
The experiment was repeated several times to photolyse, 
in all, 1 .58 g (5 mmol) of 26 _, Removal of the solvent 
under vacuum gave a solid residue, which was chromatographed 
over silica gel. Elution with a mixture (9s1) of petroleum 
ether and benzene gave 350 mg (20?^) of methyl 3-(phenoxy- 
phenylme thylene )bicyclo[2.2.2]octane-2“Carboxylate (3^) , 
mp 144°, after recrys tallization from a mixture ( 153 ) of 
benzene and petroleum ether. 

Anal . Calcd for 022 ^ 24 ^ 3 * 79. 2B; H, 6.94; 

Mol. wt., 34 B . Found: C, 78,50; H, 6.76; Mol. wt . , 

348 (Mass spectrometry). 

IR spectrum (KBr) 3000, 2990 and 2981 cm ^ 

(v^ r) » 1 780 cm”^ ^"^0=0^' 1 630 and 1 590 cm~^ (V|-_^) . 

UV spectrum (methanol) ^ : 260 nm (e, 19,000) 

^ max 

and 275 (9,000) . 
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Further elutxon of the column with a mixture (2:1) 
of petroleum ether and benzene gave 0.78 g (49^) of the 
unchanged starting material (26.), mp 144-145° (mixture 
melting point) . 

In a repeat run, 1 .58 g (5 mmol) of 26 was irra- 
diated in methanol, in several lots, using a Hanovia 450-W 
medium-pressure mercury lamp, provided with a pyrex filter. 
Removal of the solvent under vacuum gave a residue, which 
was chromatographed over silica gel. Elution of the column 
with a mixture (4:1 ) of petroleum ether and benzene gave 73 mg 
(5^) of the lactone 3^, mp 206° (mixture melting point). 

Further elution of the column with different 
solvents gave a complex mixture of products, from which 
no definite product could be isolated. 

1.4.7 Base-Catalysed Hydrolysis of Meth.yl 

3-(Phenox.vphen.vlmethvlene)bicvclo- 

[ 2 . 2 . 2 ] octane-2-carboxylate (39) 

A mixture of 3^ (100 mg, 0.3 mmol) and 10^ aqueous 
sodium hydroxide (5 ml) was heated around 90-100° for 6 hr. 

The reaction mixture, on cooling, was acidified with dilute 
hydrochloric acid to give a solid, which was filtered, washed 
With water and recrys tallized from benzene to give 60 mg (63^) 
of 3- ( phenoxyp hen ylm ethylene )bicyclo[2.2.2]octane-2-carboxylic 
acid (^) , mp 218° (mixture melting point). 
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I • ^ • 8 Thermolysxs of 2 , S-Dibenzoylbicyclo [2 ♦ 2 . 1 ] - 
hept-2-ene ( 25 ) 

A sample of 25. (60Q mg, 2 mmol) was heated around 
310° for 1 hr and the reaction mixture was chromatographed 
over silica gel. Elution with a mixture (4 j 1) of petroleum 
ether and benzene gave 1 60 mg ( 30?^) of 2- endo ~3- exo -diben- 
zoylbicyclo [ 2 . 2 . l] heptane (4^), mp 106°. 

Anal . Calcd for ^21*^20*^2‘ 82.80; H, 6.57; 

Mol. wt., 304. Found: 0, 82.94; H, 6.47; Mol. wt., 

304 (Mass spectrometry). 

IR spectrum (KBr) 3000, 2940 and 2870 cm~^ 

1665 cm“^ (''c=0^' ^ 

UV spectrum (methanol) ^ : 210 nm (e, 5,700), 

m 9 X 

240 (24,500) and 278 (4,150). 

1 . 4.9 Hydrogenation of 2 -erid^-3-e)^- Dibenzoyl- 
bi cycl o [ 2 . 2 . 1 ] hept-5-ene (45) 

A solution of 45^^ (1.56 g, 5 mmol) in acetone 
(150 ml) was hydrogenated over 5?^ Pd on calcium carbonate 
for 1 hr at room temperature and 10 psi of hydrogen gas. 
After filtering off the catalyst, the solvent was removed 
under vacuum to give a solid material, which on recrystal- 
lization from methanol gave a 1.42 g (93'J^) of 2- endo -3- exo - 
dibenzoylbicyclo [ 2 . 2. 1 ] heptane (^) , mp 105-106° (mixture 
melting point) . 
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1*4.10 Thermolysis of 2, S-Dibenzoylbicyclo** 
[2.2.2joct-2-ene ( 26 ) 

A sample of 2^ (1.0 g, 2.3 mmol) was heated, in 
a sealed tube around 310-320° for 1 hr. The reaction 
mixture, on cooling, was chromatographed over silica gel. 
Elution With a mixture (4:1) of petroleum ether and benzene 
gave 400 mg (44?^) of 2-benzoyl-3-phenylbicyclD[2 2.2joct- 
2-Bne (4X) , nip 214°, after recrys tallization from petroleum 
ether . 

Anal . Calcd for ^21^20^* ' 87*50; H, 6,90; 

Mol. wt., 288. Found: C, 87*32; H, 6.60; Mol* wt., 

288 (Mass spectrometry) . 

IR spectrum (KBr) v ♦ 3040 and 2900 cm 

m ax 

—1 — 1 
(Vj, ^) j 1641 cm"” 1 620 and 1600 cm 

UV spectrum (methanol) X : 230 nm (e, 8^)50), 

n\ 9.x 

247 (12,900), 254 (11,200) and 262 (4,700). 
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CHAPTER II 

PHOTOCHEMICAL AND THERMAL TRANSFORMATIONS OF 
SOME DIBENZOBARRELENE DERIVATIVES 

11. 1 ABSTRACT 

The photochemical and thermal txansfo rma tions of a 
few dibenzobarrelene derivatives such as 11,12-dibenzQyl- 

9 . 1 O-dihydro-9 , 1 O-ethenoan thracen e (^), 11,12-dibenzoyl- 

9 , 1 0-dihydro-9-methyl-9 , 1 O-ethenoanthracene (.3^), 11,12-di- 
benzoyl-9 , 1 0-dihydro-9-hydroxy-9 > 1 O-ethenoanthracene (3^) and 
11 ,1 2-dibenzoyl-9,10-dihydro-9,1Q-dimethyl-9,1D-ethenQanthra- 
cene , have been examined in the present studies. These 

dibenzobarrelene s 34--3T themselves were prepared through the 
aluminum chloride catalyzed Diels-Alder reaction of the corres- 
ponding anthracenes with dibenzoylacetylene . 
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Irradiation of 3j4 in methanol, for example, gave a 
52'?^ yield of 1 , 2-dibenzQyldibenzotricyclo[ 3 . 3 .0 .0^’ octa- 
3,6-diene (4_2) and a small amount (4^) of benzoic acid. 

There was an increase in the yield of benzoic acid when the 
irradiation of 3j4 was carried out in methanol, saturated with 
oxygen. Irradiation of 3_^ in acetone, however, gave a 89% 
yield of 4^. Catalytic hydrogenation of 4_2 over palladium on 
charcoal gave a 60% yield of 9a,10-dibenzoyl-4b,9,9a,10-tetra- 
hydro- cis -indenori .2-al indene (^) , indicating, thereby, that 
the cyclopropane ring in 4^ is cleaved under these conditions. 

The irradiation of 3^ in benzene gave a 54% yield of 
8c,0d-dibenzoyl-4b,8b,8c,8d-tetrahydro-4b-methyldibenzo[a,b]- 
cyclopropa [c, djpentalene (^) and a small amount (12%) of 
benzoic acid. Similar results have been obtained in the 
irradiation of ^ in solvents such as methanol and acetone. 
Catalytic hydrogenation of over palladium on charcoal gave 
9a, 10- di benzoyl -4b, 9, 9a, 1 □-tetrahvdrQ-4b-methvl- cis -indeno- 
[1 , 2-a] indene (^) . The irradiation of the hydroxybarrelene 
derivative in benzene, on the other hand, gave a mixture 

of 9a, 10- di benzoyl -4b, 9, 9a, 1 D-tetrdhvdro-9-oxo- cis -indeno- 
[ 1 , 2-aJ indene (^) and benzoic acid (4%). Similar results 
have been obtained when the irradiation of 3_£ was carried 


out in acetone. 
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In contrast to the photoreactions of 3^ and 36 . 

the irradiation of 3j[_ gives rise to a mixture of products, 
depending on the reaction conditions. The irradiation of 
3_7 in benzene, for example, gave a mixture of 2,3-dibenzQyl- 

2 . 3- dihydro-1 , 4-dimethyl-2-benzonaph thalene (^, 12^), 

1 .4- dibenzoyl-5,8-dimethyl-2, 6-dibenzacyclDOctatetraene 

(57. 20^), an isomeric hydroxy compound 63 (45^) and benzoic 
acid (7%). Similarly, irradiation of 31_ in methanol gave a 
mixture of (25%), 5_7 (27%) and benzoic acid (8%). On the 
other hand, the irradiation of m acetone gave a mixture 
of 9a,10-dibenzoyl-4b,9,9a,10-tetrahydro -4b-methyl-9-methy- 
lene- ci s -indeno [1 .2-a]indene ( 65 . 80%) and benzoic acid (7%). 

In contrast to the photo transformations of the 
dibenzobarrelene derivatives 3^ and SJ., their thermal 

transformations appear to proceed through a retro-Diels- Alder 
fragmentation mode. Thus, the thermolysis of ^ around 250° 
(refluxing diphenyl ether) resulted in the isolation of a 23% 
yield of 9-me thylan thracene , besides polymeric materials and 
a 27% recovery of the unchanged starting material. Similarly, 
the thermolysis of 3J_ around 300° gave a 16% yield of 9,10-di- 
methylanthracene , along with a small amount of benzoic acid 
(6%). In contrast, the thermolysis of ^ in refluxing 
diphenyl ether gave a 26% yield of an thraquinone , besides 
polymeric materials. 



Reasonable mechanisms have been suggested for the 
formation of the different products in the photochemical 
and thermal transformations of the dibenzobarrelenes 3j^, 

15, 16 and H. 

II .2 INTRODUCTION 

Zimmerman and coworkers had reported that barrelene 
(1_) undergoes a facile photoisomerization of the di-''''-methane 
type to give the semibullvalene (2). Subsequent studies have 
shown that the direct irradiation of barrelene 1_ leads 
primarily to cyclooctate traene {_^ whereas the semibullvalene 
(^, IS formed in major amounts under sensitized irradiation 
conditions (Scheme II. 1 ) • Similarly, the ace tone — sensitized 
ir r adia “ti □ n of the benzobarrelene (^) has been reportad ^ “to 
give the benzosernibuHvalene whereas the direct irradiation 
of ± leads to the benzocyclooctate traene (^) ( Scheme 11*1). It 
has been shown on the basis of deuterium labelling studies 
that in the case of acetone-sensitized rearrangement of 
the reaction proceeds through an initial vinyl-vinyl bridging 
to give the diradical intermediate 5, which subsequently 
reorganizes to give In the case of direct irradiation^ 

however, an initial benzo-vinyl bridging is involved to give 
the [ TT^s H- TT^s] type of addition product Xf '^hich then is 
transformed to Zimmerman and coworkers ^ have actually 

demonstrated the involvement of diradical intermediates such 




as in the phototranstormations of barrelene and benzobax- 
relene derivatives, through the irradiation of the approo- 
riate substrates which will generate such diradical inter- 
mediates, under these conditions. Thus, it has been shown 
that the sensitized irradiation of the diazo compound 9., 
gives exclusively the semibullvalen e (^ , 100%), whereas the 
direct irradiation leads to a mixture of ^ (73%) and the 
barrelene (1_ , 24%), arising through a Grb'b-type of fragmen- 

9 

tation of the initially formed singlet diradical (Scheme II. 2). 
Similarly, the sensitized irradiation of the diazo compound 
1 0 gives exclusively ^ (48%) , whereas the direct irradiation 
J-S. gives a mixture of ^ (35%) and ^ (10%) (Scheme 11.2)."^ 


Numerous reports have appeared in the literature on the 

15““2”r 

phototransformations of barrelenes, ~ benzob arrelenes , 

naphthobarrelenes , dibenzobarrelenes , and other 

41 -43 

barrelene derivatives. An attex^ipt will be made to 

highlight briefly some of the salient features of these 
rearrangements, particularly with respect to the substituent 
effects and regiospecif icity . 


It has been generally observed that substituents in 
the bridgehead and other appropriate positions play a dominant 
role concerning the regiospecificity'^'^ of these rearrangements. 
Thus, it has been observed that the photorearrangement of the 
dibenzobarrelene 1 2a. containing a carbomethoxy group on the 
vinyl moiety, gives rise to, exclusively the dibenzosemibull- 
valene derivative 15 a (75%), whereas the irradiation of 1 2b , 
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having a carbamethoxy group at the bridgehead position gives 
a mixture of the dibenzosemibullvalenes , 1_4_ (30%) and 1_5.b 
(61%), respectively (Scheme II. 3). It has been suggested 
that the photorearrangement of 1 2b . for example, proceeds 
through the diradical intermediate 13b. which is more stabi- 
lized, when compared to 11b. In the case of 1_2b, however, 
it appears that the diradical species 11b, containing a 
cyclopropane ring, bearing an electron withdrawing group is 
destabilized, when compared to the alternate diradical species 
1 3 b . It IS interesting to note that the dibenzobarrelene l^c, 
containing both acetate and the carbomethoxy substituents, on 
irradiation gives exclusively the dibenzobarrelene derivative 
1 5 c (60%), arising through the intermediate 1_3c (Scheme II. 3). 

Apart from electronegativity considerations, the 
ability of substituents to stabilize the odd electron centres 
in the diradical intermediates also play a part in the regio— 
specificity of these rearrangements. It has been observed 
that the irradiation of the dibenzobarrelene s I6a-g, leads to 
the dibenzosemibullvalenes 1_8.a-g, in yields ranging between 
74-90% and presumably, involving the diradical intermediates 
lla-g (Scheme 11.4).^^'^^ The photoisomerization of 16.6, 
containing radical stabilizing groups such as carbomethoxy, 
for example, has been found to yield the corresponding 
dibenzosemibullvalene He, in a nearly quantitative yield 
(96%), whereas a slight retarding effect of the highly 
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electronegative trifluoromethyl groups, has been observed in 
the photoisomerization of 1 6o. leading to 1 8 a (74%). 

A somewhat different type of regiospscificity and 
regioselBctivity has been observed by Hart et in 

the cose of a few barrelene derivatives, containing, sy n 
and anti positioned hydroxyl and acetate functionalities. 

Thus, it has been observed that the irradiation of the s yn 
alcohol 20 a and the syn acetate 20 b gives exclusively the 
regiospecific isomers, 2^a and 23b . respectively (Scheme II. 5). 
In contrast, the irradiation of the anti alcohol 20 c gave a 
mixture of the regioselective isomers 22a (30?$) and 23 c (45?$) 
Similarly, the irradiation of the anti acetate 20d . gave a 
mixture of 22 b (18?$) and 23 d (37?$) It has been suggested 
that the oxygen functionality in the proximal diradical 21_ 
renders it more stable than the distal diradical and 
thereby, accounting for the observed stereospecificity in the 
photo transformations of 20 a and 20b . 

The diradical intermediates involved in the photo- 
transformations of barrelenes have been known to be stabilized 
by the presence of suitably positioned functional groups. Thus, 

O Q 

it has been observed that the photoisomerization of the bar- 
relencs 2^a and 25 b in acetone gives exclusively the keto 
diester 28^ in T0?$ and 63% yields, respectively and presumably 
arising through the corresponding dibenzosemibullvalenes 2£a 
□nd 29b . respectively. None of the isomeric dibenzosemibull- 
valenes 2Xb and 2T b have been observed in these reactions. It 
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has been suggested that the diradicaJ intermediates £^a and 
2j^h are more stabilized due to hydrogen bonding possibility, 
when compared to 2^a and 24b . involved in the alternative 
pathway and hence the observed regiospecif icity in the 
photo 1 someri zation of 25 a and 25 b (Scheme II. 6). 

Substituents in the bridgehead positions of barrelenes 
have been shown to influence the regiospecificity in the photo- 
isomeiization reactions. In the photoisomeri rations of the 
barrelenes 30a-c . for example, it has been observed that a 
mixture of the dibenzosemibullvalenes 31 a-c and the keto 
diester arising from the corresponding dibenzosemibull- 

valenes ^a-c, IS formed. Similarly, the photoisomerization 
of ^d gave a mixture of the dibenzosemibullvalenes, ^d and 
32d . In contrast, the irradiation of the bromo derivative 3Q e 
gave exclusively the dibenzosemibullvolene 31 e (55?S) 

(Scheme 11.7).^^ 

The object of the present inves bigation has been to 
examine the photoisomerizations of a few dibenzobarrelene 
derivatives containing cis -1 , 2-dibenzo ylalkene functionalities 
and also other substituent groups at the bridgehead positions, 
with a view to examining the nature of the products formed in 
these transformations and also to study the role of the diffe- 
rent substituents in the photoisomerizations of barrelenes. 

The dibenzobarrelene derivatives that we have examined include, 
11,1 2-di benzoyl -9 , 1 O-dihydro-9 ,10-etheno anthracene (3^) , 
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11 ,1 2~diben ZD yl -9, 10-di hydro -9-methyl -9, 1Q-ethenoanthracene 
(^) t 11,1 2-dibenzoyl-9 , 1 0-dihydro-9-nydroxy-9 , 1 0-etheno- 
anthracene (36) and 11 , 12 -dibBn 2 oyl — 9,10 — da.hydro—9,10 — di- 
mothyl-9, 1 O-ethenoanthracene (32) . 

I I . 3 RESULTS AND DISCUSSION 

1 1 • 3 . 1 Preparation of 11 , 1 2-Drben20.vl-9 , 1 O-dibydro- 

9,1 O-ethenoanthracene 5 

It has been reported that 11,12-dibenzoyl-9,10-dihydro- 

9 , 1 O-ethenoanthracene (M) , 11,12-dibenzoyl-9,10-dihydro-9- 

methyl-9 , 1 O-ethenoanthracene (35) and 11,12-dibenzoyl-9,10- 

dihydro-9 , 1 O-diniethyl-9 , 1 O-ethenoanthracene (22.) prepared 

by heating at elevated temperatures, a mixture of the appro- 

45 

priate anthracene with dibenzoylacetylene . Also, it has 
been shown that ^ could be conveniently prepared through the 
aluminum chloride-catalysed reaction between anthracene and 
dibenzoylacetylene,^^ In the present studios, we have found 
that the 1 1 , 1 2-dibenzoyl-9 , 1 O-dihydro-9 , 1 O-ethenoanthracenes 
35 . 36 and can be conveniently prepared, in yields ranging 

between 12 - 85 %, by the treatment of the respective anthracene 
derivatives with dibenzoylacetylene in presence of anhydrous 
aluminum chloride. Thus, the reaction of anthranol with DBA 
in the presence of anhydrous aluminum chloride in methylene 
chloride at room temperature, for example, gave a 12%a yield of 
1 1 , 1 2-dibenzayl-9 , 1 0-di hydro-9 -hydrQxy-9 ,1 O-ethenoanthracene 
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( 36 ) • The structure of was established on the basis of 

•I 

analytical data and spectral evidences. The H NMR spectrum 
of 3_6 (Fig, II. 1), for example, showed a singlet at 6 5.10 
(1 H) , assigned to the bridgehead proton and a second singlet 
at tS 5.60 (1 H, D^O-exchangeable ) , assigned to the hydroxyl 
proton. The complex multiplets centred around 6 7.35 (14 H) 
and 7-75 (4 H) were assigned to the aromatic protons. 

Although the preparation of the 11,12-dibenzoyl-9,10- 
di hy dro-9 , 1 0-ethen oant hracene s ^ and ^ hod been reported 

earlier, there has been no mention in the literature of their 
NMR spectra. In the present studios, we have examined the H 
NMR spectra and the NMR spectra of 3 ^, and primarily 

With a view to comparing them with those of the corresponding 
photoproducts . 

Earlier, Lahira^*^ had reported that the H NMR spectrum 

of 34 shows a singlet at 6 5.66 (2 H), due to the bridgehead 

protons and a complex multiplet centred around 5 7*25 (14 H) , 

1 3 

due to the aromatic protons. The C NMR spectrum of ^ 

(Fig. II-2) has been found to show several signals at 6 53.61, 
123.77, 125,37, 128.00, 128.39, 132.59, 137.37, 143.90, 153.19 
and 194.10. Of these, the signal at 6 53.81 is assigned to 
the bridgehead carbons, whereas the one at 5 194.10 is assigned 
to the carbonyl carbons . The NMR spectrum of 3^ 

(Fig. II. 3) showed a singlet at 6 2.09 (3 H) due to the methyl 
protons, 3 second sxnglet at ^ 5,64 (1 H), due bo the 
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bridgehead proton and a complex multiplet centred around £ 1.22 
(10 H) due to the aromatic protons. The ^ IMMR spectrum of 3^ 
(Fig. 11,4) showed a signal at <5 13.29 due to the methyl carbon, 
two signals at £ 52.36 and 52.59, due to the bridgehead carbons 
and two signals at 6 193.37 and 195.16, due to the carbonyl 
carbons. In addition, the spectrum showed signals at 5 121.23, 
123.46, 125.03, 125.19, 127.08, 128.19, 120.35, 120.89, 132.44, 

133.12, 137.19, 145.45, 146.04, 150.59 and 158,23 due to the 

o 1 

different sp carbon atoms present in The H NMR spectrum 

of 3Z (Fig- II-5), likewise, showed a singlet at 6 2.11 (6 H) 

due to the methyl protons and a complex multiplet centred 

1 3 

around 6 7.25 (18 H) , due to the aromatic protons. The C NMR 
spectrum of H (Fig. II. 6) showed a signal at 513.48 due to 
the methyl carbons, a second signal at 50.68 due to the 
bridgehead carbons and one at 6 195.36, due to the carbonyl ^ 
carbons. The remaining sp^ carbons in ^ showed signals at 
6 120.61, 124.73, 120.11, 129.33, 133.36, 136.95, 147.56 and 

1 53.65 . 

1 1 . 3 . 2 Phototransformations of 1 1 . 1 2-DibenzQ ylj:, 
9.10-dih.vdro-9,10-ethenoanbhracenes 

It has been shown earlier^^ that the phototransf or- 
mations of cis -1 , 2-dibenzoylalkene5 lead to a variety of 
products, arising through the initial excitation of the 
dicarbonylalkene chromophore. In the case of 11,12-diben- 
zayl-9,1D-dihydro-9,10-ethBnoanthracenBS such as 3Ar 3i 






Fig 11 6 NMR spectrum (25.2 MHz) of ^ 
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3^,^ which contain the ci^-1 , 2-dibenzoylalkene functionality 
as part of the barrelene skeleton, one can in principle, expect 
two modes of photo transfo rmations , namely, the di-Tr -methane 
rearrangement of the barrelene skeleton and the transformations 
of the di c arbonylalkene moiety. Preliminary studies^^ have 
shown that the irradiation of a benzene solution of 3^, using 
a 450-W Hanovia medium-pressure mercury lamp for 4 hr gives a 

oft 

88% yield of 1 , 2-dibenzoyldibenzo tricyclo 13 . 3 . 0 . 0^ ’ ]octadiene 
(42_) . In the present studies, we have examined the phototrans- 
formations of 34-37 . with a view to understanding the mode of 
reactions in these cases. 

Irradiation of a methanol solution of using a 450-W 

Hanovia medium-pressure mercury lamp for ^2 hr gave a 52% yield 
along with a small amount (8%) of benzoic acid. In 
addition, 32% of the unchanged starting material (^) was also 
recovered from this reaction. When the irradiation of 34 . 
however, was carried out in methanol, saturated with oxygen, 
for y2 hr, a 47% yield of £2 and a 22% yield of benzoic acid 
were obtained. In addition, 21% of the starting material (3£) 
could also be recovered from this run. On the other hand, when 
the irradiation of M. was carried out in acetone for ^2 hr, a 
09% yield of 4^ was isolated. 

With a view to examining whether oxygen quenches the 
photoisomerization reaction of we have compared the irra- 
diation reactions of benzene solutions of employing a >340 nm 


B4 


light source, under degassed and oxygen-saturated conditions. 
The progress of the reaction in each case has been monitored 
gas chromatographically and the results of these studies are 
summarized in Table 11,1. Examination of Table II. 1 reveals 
that the pho toisomerization of to 42 is inhibited to some 
extent through oxygen quenching of the excited state of 34 . 

It has been reported earlier^^ that the NMR spectrum 
4^ shows a singlet at 4«24 (1 H) due to the methine proton 
of the cyclopropane ring and a second singlet at 8 4.64, assig- 
ned to the tertiary proton, attached to the five-membered rings 
The aromatic protons have been observed as a complex multiplet, 
centred around 6 7.26 (18 H) * The NMR spectrum of ^ 

(Fig. II. 7) showed signals at 649.26, 56.19, 64.50 and 74.59 
assigned to the C-0b, C-4b, C-Bc and C-0d carbons, respectively 

The signals at 8 194.25 and 8 196.73 have been assigned to the 

2 

carbonyl carbons, whereas, "the remaining sp carbons appeared 
as twenty signals at 6 121.56, 121.69, 125.65, 126.14, 127 01, 
127.20, 127.29, 127.69, 127.94, 126.47, 126.59, 130.02, 132.66, 
133.18, 135.35, 135.57, 136,78, 137.09, 149-77 and 150.51. 

With a view to finding out whether the cyclopropane 
ring in ^ is easily cleaved under hydrogenation conditions, 

We have examined the catalytic hydrogenation of 4^, under 
controlled conditions. Catalytic hydrogenation of using 
Pd on charcoal in THF gave a 60 % yield of 9a,10-dibenzoyl- 
4b.9f9a.10-tetrahvdro- cis -indenofl .2-a1 in dene (41_) . The H NMR 
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Table 11,1 


Photoisomerization of ^ to 42. an 

3 b 

benzene under different conditions ’ 


Run # 

Time 

(Minutes) 

Conditions 

Starting 

material 

(M) 

Product 

(42) 

1 

0 

Degassed solution 

99,9' 

0 

2 

5 

Degassed solution 

92.6 

6 9 

3 

1 5 

Degassed solution 

69.1 

20.7 

4 

30 

Degassed solution 

43.9 

53. T 

5 

15 

02 -saturated solution 

96.8 

3.1 

6 

30 

02 ~saturated solution 

86.0 

9.2 

a) A 

solution of 

34 (4.1 99 X 10*“^ M) in 

benzene was 

used 


for these runs. 

b) Irradiations were carried out using a > 345 nm light 


source . 

c) The yields were determined gas chromatographically . 
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spectrum of (Fig. II, B), for example, showed two doublets at 

5 3.55 (1 H, Jg^g, = 17 Hz) and 3.79 (1 H, Jg^gi = W Hz), which 

have been assigned to the two methylene protons at C-9 position. 

In addition, the spectrum showed two singlets at 5 5.69 (1 H) 

and 5,87 (1 H), which have been assigned to the H-4b and H-1 1 

protons, respectively. The aromatic protons appeared as two 

complex multiplets centred around 6 7.29 (14 H) and 7.37 (4 H), 

1 3 

respectively. The C NMR spectrum of 4^ (Fig. II. 9) showed 

signals at 6 44.33, 59.30, 62.87 and 70. Q3, which have been 

assigned to the C-8b, C-4b, C-8d and C-8c carbons, respectively. 

The carbonyl carbons showed signals at 6 198.87 and 200.76, 

2 

respectively, whereas the remaining sp carbons appeared at 

6 123.97, 124.50, 125.12, 125.68, 127.04, 127.10, 127.66, 

128.25, 128.34, 128.62, 128.04, 131.79, 133.18, 136.47, 136.84, 
138.67, 139.66, 143.94 and 145.46. 

A probable route to the formation of ^ in the 
photoisomerization of 34 is shown in Scheme 11.8. It is 
assumed that the excited triplet state of ^ leads initially 
to the diradical intermediate 28_, through a benzo-vinyl 
bridging. Subsequent transformation of ^ leads to 42 . 
presumably through a second diradical intermediate 39 . The 
exact pathway for the formation of small amounts of benzoic 
acid in the irradiation of 3^ in presence of oxygen is still 
not clear. One of the possible pathways may involve the 
initial formation of a dioxetane intermediate which will, 
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subsequently, undergo fragmentation to benzoic acid, under the 
reaction conditions. An analogous dioxetane intermediate has 
been invoked in the photooxygenation of tetraphenyl-j£_— dioxin • 

Irradiation of the unsymmetrically substituted dibenzo- 
barrelene, 11, 12- di benzoyl -9,1 0-di hydro -9 -methyl -9 ,10-etheno- 
anthracene ( 35 ) in benzene for y2 hr gave a 54^ yield of 8c,8d- 
dibenzQyl-4b,8b,8c,8d-tetrahydro-4b-methyldiben2o[a,b]cyclo- 
propa [c, d] pentalene (^) and a small amount (12^) of benzoic 
acid. Similarly, the irradiation of 3_5 in methanol gave a 5D?5 
yield of 4J^ and a 8 % yield of benzoic acid, whereas the irra- 
diation in acetone, under analogous conditions, gave a 64^ 
yield of ^ and a 8 % yield of benzoic acid. Table II. 2 
summarizes the results of our studies on the irradiation of 3^ 
under different conditions, wherein the product formation has 
been monitored gas chromatographically . It is evident from 
Table II. 2, that oxygen quenches the pho toisomerization of 
to some extent, as in the case of 34 . 

The structure of was arrived at on the basis of 
analytical results, spectral data and chemical evidences. The 
NMR spectrum of 4X (Fig. II. 10), for example, showed a sharp 
singlet at 5 1.74 (3 H), assigned to the bridgehead methyl 
group and a second singlet at 6 4.62 (1 H) , assigned to the 
methine proton of the cyclopropane ring. The aromatic 
hydrogens appeared as a complex multiplet centred around 
6 7.30 (18 H). The ^ l\IMR spectrum of ^ (Fig. 11.11) showed 
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Table II. 2 Photoisomer 3 .zation of .35^ to 

3 b 

under different conditions ’ 


Run # 

Time 

( Minutes ) 

Solvent 

Starting 
Conditions material 
(35) 

Pro duct 

(^)^ 

1 

0 

Benzene 

Degassed 

99.3 

0 

2 

1 5 

Benzene 

Degassed 

23.0 

59.5 

3 

30 

Benzene 

Degassed 

5.0 

71 .6 

4 

1 5 

Benzene 

02-saturated 

88.9 

7. 6 

5 

30 

Benzene 

02-saturated 

69.9 

19-5 

6 

0 

Acetone 

Degassed 

99.1 

0 

7 

1 5 

Acetone 

Degassed 

43.6 

36.9 

8 

30 

Acetone 

Degassed 

16.3 

54.4 


a) Solution of ^ m benzene (9.706x10 M) and acetone 
(8. 349x10”^ M) were used for these runs. 

b) Irradiations were carried out using a > 345 nm light 
source . 

c) The yields were determined gas chromatographically- 
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signals at 1 6,1 5, 48.52, 59.22 and 61.22, assigned to the 

methyl carbon and C-8b, C--4b and C-8c carbons, respectively. 

The carbonyl carbon signals appeared at 6 194.29 and 195.99, 

2 

respectively, whereas the other sp carbons appeared at 
4 119.73, 125.41, 126.41, 126.70, 127.23, 127.41, 127-93, 
126.11, 128.27, 128.94, 129.79, 132.47, 133.01, 134.50, 

134.52, 137.27, 137.67, 152.73 and 153.37. 

The mass spectrum of 4_X (Fig. 11.12) showed a molecular 
ion peak at m/e 426 (52), whereas other prominent peaks were 
observed at m/e 321 (66), 306 (7), 293 (35), 278 (5), 276 (26), 

243 (1 3), 21 6 (8), 21 5 (1 9), 201 (10), 200 (1 1 ), 105 (1 00), 

97 (1 2), 95 (10), 85 (1 2), 83 (1 5), 81 (1 3), 77 (68 ), 71 (25), 
69 (25), 57 (18), 55 (34) and 51 (14). Some of the probable 

fragmentation modes are shown in Scheme II. 9 One of the 
fragmentation modes of 41 involves the loss of a benzoyl group 
to give at m/e 321, which in turn can lose either carbon 

monoxide to give 4Ic at m/e 293 or a second benzoyl group to 
give 4Ie at m/e 216. The fragment 4Ic, for example, can lose 
a methyl group to give ^f at m/ e 278, which in turn can lose 
two hydrogen atoms to give £[i at m/e 276. Likewise, the 
fragment iJe can lose a methyl group to give 41^ at m/e 201 . 

Further confirmation of the structure of 4J[ was 
derived from hydrogenation studies. Catalytic hydrogenation 
of £L over 5% Pd on charcoal in THF, gave a product, identi- 
fied as cis-9a,10-dibenzoyl-4b,9,9a,10-tetrahydro-4b-methyl- 

cis-indeno [l , 2-a] indene (50). The structure of M has been 
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arrived at, on the basis of analytical results and spectral 
data. The H NMR spectrum of 5jD (Fig. 11.13), for example, 
showed a singlet at 6 1 .69 (3 H) due to the methyl group at 
C-4b position and a second singlet at 6 6.37 (1 H) due to the 
methine proton at C-1 0 position. In addition, the spectrum 
showed two doublets at -S 3.09 (1 H, g, = 18 Hz) and 3.32 
(1 H, = 18 Hz), respectively, due to the geminal hydro- 

gens H-9 and H-9 ’ . The aromatic protons appeared as a complex 
multiplet centred around 5 7.25 (18 H) . It might be pointed 
out here that if the structure of the photoproduct were to be 
represented by wherein the methyl group is at C~8b position, 

then 49 would have resulted as the hydrogenation product and 
the H NMR results are not in agreement with this possibility 
(Scheme 1 1 . 1 O) . 

The exclusive formation of AJ_ in the photoisomeriza- 
tion of ^ Would suggest that of the two possible pathways 
involving the diradicals ^ and arising through an initial 

benzo-vinyl bridging, path 'a', involving ^ seems to be 
preferred (Scheme 11.10). The formation of small amounts of 
benzoic acid in the irradiation of 3^ in presence of air or 
oxygen could perhaps arise through a dioxetane intermediate, 
as in the case of 34 . 

In continuation of our studies, we have examined the 
phototransformations of 11,l2-dibenzoyl-9,10-dihydro-9-hy- 
droxy-9 , 1 0-ethenoanthracene (16). Irradiation of a benzene 















solution of 3_^ for 1 hr gave a 26% yield of 9 a , 1 0-dibe nzoyl- 
4b, 9, 9a, 1 O-tetrahydro-9 — oxo- cis -indeno [1 ,2 — a^indene ( 55 ) , 

I* 

along with a small amount (455) of benzoic acid. In addition, 

5055 of the unchanged starting material (3^) could also be 

recovered from this reaction. Irradiation of an acetone 

solution of 3^6 for 1 hr, on the other hand, gave a 6255 yield 

of 55 .^ along with a yield of benzoic acid. The structure 

^5 5^ was arrived at on the basis of analytical results and 

spectral data. The H NMR spectrum of 5^ (Fig, 11.14), for 

example, showed two singlets at 6 5.85 (1 H) and 6.33 (1 H) , 

assigned to H-4b and H-10 protons, respectively. These 

assignments are in agreement with the reported values for 

proton >positions in a compound such as cis -indeno[l .2- a] - 

3 8 

indanone, containing protons under similar environment. In 
addition, the aromatic protons appeared as a complex multiple! 
centred around 6 7.55 (18 H) . 

The C NMR spectrum of ^ (Fig. 11.15) showed several 
signals at 6 56.42, 58.15, 82.02, 125.40, 125.72, 127.67, 132.31, 
133.67, 135.90, 136.40, 137.30, 138.90, 143.20, 157.65, 192. 5B, 
197.73 and 201.60. In addition, several overlapping signals 
Were observed in the region 6 128.38—129.16. The signals at 
<5 56.42, 58.1 5 and 82.02 were assigned to C-4b, C-1 0 and C-9a, 
respectively. The signals due to C— 4b and C— 10 appeared as 
doublets, whereas the signal due to C-9a appeared as a singlet, 
in the coupled spectrum. The signals at 6 192.58, 197.73 and 





1291 

128.; 








104 


201 .60 were assigned to the three carbonyl carbons of 
whereas the signals between 6 125.40 and 157,65 have been 
assigned to the remaining sp^ carbons. 

A probable route to the formation of ^ in the 
photoisomerization of ^ is shown in Scheme 11.11. Of 
the two diradical intermediates which could arise through 
an initial benzo-vinyl bridging of the triplet excited 
state of 36 , the one in which both the hydrogen bonding 
possibility of the hydroxyl group with an adjacent carbonyl 
group and a proper delocalization of the radical centre 
exists, as in 52_, seems to be the preferred intermediate. 

The diradical species 5^, can in turn undergo transformation 
to a new diradical species 5^, which will then give rise to 
the hydroxysemibullvalene derivative 5j6. A subsequent photo- 
transformation of ^ would result in the formation of the 
triketo derivative as shown in Scheme 11.11. 

In contrast to the photoisomerizations of the diben- 
zobarrelenes 34-36 . the phototransformations of 11,12-diben- 
zoyl-9 , 1 O-dihydro-9 , 1 Q-dime thyl-9 , 1 O-etheno anthracene ( 37 ) 
gave rise to a variety of products, depending on the reaction 
conditions. Irradiation of ^ in methanol for 1/4 hr, for 
example, gave a mixture of products consisting of 2,3—diben— 
zoyl-2, 3-dihydro-1 ,4-dimethyl-2-benzonaphthalene (^, 25?&) , 

1 , 4-dibenzoyl-5, 8-dimethyl-2, 6-dibenzocyclooctatetraene 
(57. 27^) and benzoic acid (8^). In addition, M% of the 








unchanged stari^mg 17131:81131 (3J7) could also be recovered ■from 
this reaction . Irradiation of a benzene solution of 37 for 
/2 hr, on the other hand, gave a mixture of products consisting 
of the carbinol derivative 6^ (45^), 6D (12fa), ^ (20%) and 
benzoic acid (7%). In contrast, the irradiation of an acetone 
solution of 3 7 for ^2 hr gave a 80% yield of an indeno [1 , 2-a] - 
indene derivative 6 5 and a 9% yield of benzoic acid. 

The structures of the different products such as 60 . 

57 > 63 and formed in the photo transformations of 37 have 

been established on the basis of analytical results, spectral 

-i 

data and chemical evidences. The H NMR spectrum of ^ 

(Fig. 11.16), for example, showed a singlet at 6 1.77 (6 H) , 
assigned to the methyl protons, whereas the olefinic protons 
appeared as a complex multiplet, centred around 5 6.82 (4 H) . 
The aromatic protons appeared as a multiplet centred around 
iS 7.36 (14 H). The ^ NMR spectrum of ^ (Fig. 11.17) showed 
several signals at o 22.88, 60.59, 120.39, 123.58, 126.42, 
127.79, 127.91, 131.09, 136.69, 137.45, 153.59, 154.58 and 
1 99.78 . Of these, the signal at 22.88 has been assigned to 
the methyl carbons, whereas the signal at 6 60.69 could be 
assigned to the C-2 and C-3 carbons, which are considerably 

47 48 

deshielded due to the attachment of benzoyl groups. The 

signal due to the carbonyl carbons appeared at 6 199.70, 
whereas the signals between 5 1 20 . 39-1 54 . 58 could be assigned 
to the other sp carbons present in 
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The mass spectrum of ^ (Fig. 11.18) showed a 
molecular ion peak at m/e 440 (100). Other peaks in the 
spectrum were observed at m/e 335 (4), 320 (97), 290 (5), 

231 (25), 230 (90), 228 (45), 226 (35), 215 (98), 213 (18), 

202 (10), 201 (8), 200 (5), 189 (8), 105 (98), 78 (50), 

77 (83), 62 (21), 57 (20), 56 (8), 55 (18), 52 (22), 51 (30) 
and 43 (15). Some of the probable fragmentation modes are 
shown in Scheme 11.12. It is reasonable to assume that the 
molecular ion of 6^ loses a benzoyl group to give the fragment 
6_0b at m/e 335, which in turn can lose either a methyl group 
bo give 60 c at m/e 320 or a second benzoyl group to give 60 e 
at m/e 230. The loss of a methyl group from 60 f would give 
rise to 60 h at m/e 200, whereas the loss of two hydrogen atoms 
from 60 b would result in 60 a at m/ e 228. 

•1 

The H NMR spectrum of 1 , 4-dibenzoyl-5 , B-dimethyl- 

2, 6-dibenzocyclooctatetraene (^) (Fig. 11.19), for example, 

showed a singlet at 6 2.09 (6 H), due to the methyl protons, 

whereas, the aromatic protons appeared as two sets of complex 

multiplets, centred around 6 7.30 (14 H) and 8,27 (4 H). The 

'^C NMR spectrum of ^ (Fig. II. 20) showed several signals at 

6 23.15, 126.86, 127.11, 127.47, 127-60, 128.68, 129.63, 

133.42, 135.17, 136.40, 138.39, 138.97, 141.77 and 197.81. Of 

these, the signal at 6 23.15 has been assigned to the methyl 

carbons, whereas the one at 6 197-81 has been assigned to the 

carbonyl carbons. The remaining signals between 6 126.86 and 

2 

1/11 *7Y oniil r\ hf3 nned to the other sp carbons in 5^7* 
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The mass spectrum of 5J, (Fig. 11.21) showed a molecular 
ion peak at m/e 440 (11). In addition, the spectrum showed 
several peaks at m/e 335 (8), 31 9 (1 2), 230 (1 2), 228 (1 0), 

226 (9), 215 (20), 111 (12), 109 (10), 105 (lOO), 97 (21), 

95 (17), 85 (25), 83 (30), 81 (25), 77 (49), 71 (43), 69 (39), 
67 (17), 57 (56) and 43 (31). Some of the probable fragmen- 
tation modes are shown in Scheme 11.13. The initial loss of a 
benzoyl group from the molecular ion of for example, could 

lead to the fragment 57 b at m/e 335, which in turn can lose a 
methyl group and a hydrogen atom to give the fragment 57 c at 
m/e 319. Further loss of a benzoyl group from 57b . on the 
other hand, could give rise to 57 e at m/e 230, which in turn 
could lose a methyl group to give 57 d at m/e 215. The loss of 
two hydrogen atoms from 57 e will, however, lead to 5T f at m/e 
228, which in turn can lose two more hydrogen atoms to give 
the fragment 57 h at m/e 226. 

If the structures and correctly represent some of 
the photoproducts derived from then it would be reasonable 

to assume that the phototransformation of a dibenzocycloocta- 
tetraene derivative such as ^ itself should give rise to 60 . 
In support of this assumption, it has been observed that the 
irradiation of a methanol solution of 5J. for 10 minutes 
resulted in a 20^ yield of £0. It may also be mentioned in 
this connection that the photoisomerizations of cycloocta- 
tetraene derivatives are known to give rise to products. 
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The IR spectrum of the carbinol 63, for example, showed 

-I 

the presence of an OH band at 3530 cm and did not show any 
carbonyl absorptions. The NMR spectrum of ^ (Fig. 11.22) 
showed a sharp singlet at 6 1.21 (3 H), due to the methyl 

protons and a second singlet at <5 3.47 (1 H, D20-Bxchangeable) 
due to the hydroxyl proton. In addition, the spectrum showed 
two doublets at 4.64 (1 H, = 13 Hz) and 5.07 (1 H, 

J-i I in ” Hz), due to the geminal protons of the e^^- 
methylene group. The aromatic protons appeared as a complex 
multiplet, centred around 6 7.51 (IB H). The mass spectrum of 
63 (Fig. 11.23) showed a molecular ion peak at m/e 440 (56) and 
several other peaks at m/e 335 (58), 320 (29), 319 (41), 

291 (1 2), 290 (1 5), 288 (25), 230 (29), 21 6 (47), 207 (50), 

206 (25), 203 (13), 192 (28), 179 (51), 177 (18), 166 (30), 

153 (19), 129 (21), 128 (17), 127 (23), 115 (53), 105 (100), 

91 (29) and 77 (68). 

The H NMR spectrum of the indeno [1 , 2-a] indene 
derivative 65 (Fig. 11.24), likewise showed several signals 
at 6 1.79 (3 H), 5.29 (s, 1 H), 5.64 (s, 1 H) , 5.65 (s, 1 H), 
7.28 (m, 16 H) and 8.19 (m, 2 H) . Of these, the singlet at 
6 1.79 has been assigned to the methyl group attached to the 
C-4b position, whereas the singlets at 6 5.29, 5.64 and 5.65 
could be assigned to the em-n'ethylene protons at C-9 position 
and the methine proton at C-1 0 position. It may be mentioned 
in this connection that the geminal coupling between the 
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gXS.“rTte thylen e protons in 6 5 appears to be nearly zero and such 
cases are reported in the literature , 
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The C NMR spectrum of 65 (Fig. 11.25) showed several 
signals at 6 1 3.87, 23.48, 25.24, 78.64, 1 21 .59, 1 23.80, 1 24.1 6, 
125.07, 125.70, 127.9, 128. 4, 132.20, 134.65, 136,5, 138.00, 
138.4, 139.30, 148.85, 195.79 and 198,16. In addition, the 
spectrum showed several overlapping signals in the region, 

<5 1 28,40-1 30,4. The signals at 6 1 3.87, 23.48 , 25.24 and 78.64 
were assigned to the methyl carbon at C-4b, C-10, C-4b and C-9a 
carbons, respectively. The signal at 6 109.47 was assigned to 
exo -methylene carbon at C-9, whereas the signals at 6 195.79 
and 198.16 have been assigned to the carbonyl carbons. The 
signals in the region 6 121.59-148.85 have been assigned to the 
remaining sp^ carbons in 65 . 

The mass spectrum of ^ (Fig. 11.26) showed a low 
intensity molecular ion peak at m/e 440 (7). Other peaks 
in the spectrum were observed at m/e 335 (28), 319 (6), 

31 8 (1 7), 303 (6), 230 (6), 229 (2), 21 6 (6), 21 5 (34), 

21 3 (10), 105 (1 00), 77 (20), 71 (9), 69 (10), 67 (5), 55 (14), 
43 (10) and 41 (12). Some of the probable modes of fragmen- 

tation are shown in Scheme 11.14. It would be reasonable to 
assume that the molecular ion of will lose a benzoyl group 
to give the fragment 65 b at m/e 335, which in turn can lose a 
second benzoyl group to give the fragment 6 5 e , at m/e 230. The 
loss of a methyl group from could lead to the fragment ^g 
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NMR spectrum (15.08 MHz) of 6 ^ 





105 



Spectrum of 








ot m/e 215, whereas the loss of a methylene group from 65 e will 
result in at m/e 216. On the other hand, the loss of a 

methyl group and a hydrogen atom from the fragment ion can 

lead to 65 c at m/e 319, which in turn could lead to 6^h, at m/e 
303, through the loss of a hydrogen atom and one methyl group. 

Via the cation 65 f at m/ e 318. 

The formation of the different products such as 5j[» 

6 3 and 65^ in the photoreaction of 35, could be rationalized in 
terms of the pathways shown in Scheme 11.15. It would be 
reasonable to assume that the singlet excited state of 3J. 
could bring about a + /s] type of addition leading to 

the intermediate which in turn can undergo thermal rever- 

sions to give and 60. The cyclooctatetraene derivative ^ 
itself could give rise to 6^, under photochemical conditions 
as has been shown in the present studies. It may be mentioned 
in this connection that tetraphenylcyclooctate traene has been 
reported to give the corresponding bicyclo [4 . 2 .o] octatriene 
derivative, under photochemical conditions- 

A second possible mode of reaction of ^ is the 
di-ir-methane type of reaction, leading to the diradical 
intermediate which can subsequently lead to the dibenzo- 

semibullvalene 62. It would be reasonable to assume that the 
semibullvalene 62, containing methyl and benzoyl groups attached 
to the cyclopropane ring, will undergo a Norrish type II 









reaction, leading to the enol presumably arising through 

the diradical intermediate £1_. The enol ^ in turn can give 
rise to the carbinol 6^ and the diketone 65 . as shown in 
Scheme 11.15. 

II .3.3 Thermal Transformations of 11,12~Dibenzoyl- 
9,10-dihydro-9,l0-ethenoanthracene5 

It has been reported earlier^*^ that the thermal 
transforniations of a dibenzobarrelene derivative such as 
34 . containing a cis -1 . Z-dibenzovlalkene moiety as a part 
of its structural feature, involve a retro-Diels-Alder mode 
of fragmentation, leading to anthracene and not the hetero- 
hexatrienc rearrangement to give 6^ (Scheme 11.16). 

In the present studies, we have examined the thermal 
transformations of the dibenzobarrelene derivatives, 35., 3^ 

and 31, containing different substituent groups at the bridge- 
head positions, with a view to understanding the preferred 
mode of reactions in these cases. Heating of 3 5 in refluxing 
diphenyl ether for 16 hr, for example, resulted in the isola- 
tion of a 23% yield of 9-methylanthr acene (ii. ) , besides poly- 
meric materials and a 21% recovery of the unchanged starting 
material (35). Similarly, thermolysis of in refluxing 

diphenyl ether, for 8 hr gave a 26% yield of ant hraquinone 
{J2) , besides polymeric materials. Heating of ^ around 300 , 
on the other hand, resulted in the formation of a 1 6^ yield of 











9 , 1 Q-dimethylanthracene (XQ.) > along with a small amount of 
benzoic acid (6/S). In addition, 68^ of the starting material 
(3JX) could also be recovered from this run. 

The formation of products such as 9-mBthylanthracene 
and 9 , 1 0 — dime thylanthracene ( 7D ) in the thermolysis of 
and 3 ^, respectively, would suggest that in these cases 
also a retro-Diels- Alder type of fragmentation is taking 
place. It is however, unclear whether these reactions 
proceed by a concerted process (path 'b’) or through a 
stepwise process (path ’c')» involving diradical intermediates 
such as (Scheme 11.16). The formation of anthraquinone 
(72) , in the th ermal reaction of 3 ^, however, can be rationa- 
lized in terms of its initial fragmentation to the anthranol 
(§ 2 ,), which in turn can combine with oxygen of air to give the 
hydroperoxide intermediate XI.’ Loss of elements of water from 
the hydroperoxide XI would give rise to anthraquinone ( J2) > as 
shown in Scheme II. 16. 

II .4 EXPERIMENTAL 

All melting points are uncorrected and were determined 
on a Mel-Temp melting-point apparatus. The IR spectra were 
recorded on Perkin-Elmer Model 377 or Model 580 infrared 
spectrophotometers. The electronic spectra were recorded on 
Beckman DB or Cary 1 7D spectrophotometers. NMR traces were 
recorded on Varian XL-100 and Bruker WH 270 NMR spectrometers, 
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using tetrame thylsilane as internal standard. The mass spectra 
were recorded on a Vanan Mat CH7 mass spectrometer at 70 eV. 
All the irradiation experiments were carried out either in a 
Srinivasan— Griffin Rayonet photochemical reactor (3500 S) or 
by using a Hanovia 450-W medium-pressure mercury lamp in a 
quartz-j ackotcd immersion well. 

The VPC analyses were carried out using a glass 
capillary column (0\/-101, 11M H1319A) and hydrogen as carrier 
gas, on a Packard gas chromatograph, model 427 employing 

a flame ionization detector. The analyses were carried out 
with temperature programming, from 100-260° (6° per minute). 

The irradiation experiments for these studies were carried out 
in a Merry-go-round, using a 340 nm lamp source and in pyrex 
reaction tubes. 

II. 4.1 Starting Materials 

11,1 2-Dibenzoyl-9 , 1 O-dihydro-9 , 1 0-ethenoant hr acene 
(M.) f rap 212-213° was prepared in a 80?^ yield by a reported 

pro cedure . Dibenzoylacetylene , mp 110-111°, 9- 

S 6 5 T 

methylanthrocene,°° mp 81° and 9 , 1 0-dimethylanthracene , mp 

182° were prepared by known procedures. Solvents such as 

benzene, methanol and acetone were purified and dried by 

standard procedures. Petroleum ether used was the fraction, 

bp 60-80°. 



IR spectrum (KBr) v ; 3450 cm”^ 3060 and 

max 0~H 

3020 cm~^ 1 590 cm~^ (Vj._^). 

UV spectrum (methanol) 268 nm (e , 5,760) and 

300 (2,000, sh). 

II ,4.4 Preparation of 1 1 , 1 2-Dibenzovl--9 , 1 O-dihydro- 
9 , 1 O-dimethvl-9 , 1 0-etheno anthracene (37) 

A mixture of DBA (2.34 g, 0.01 mol), 9 , 1 0-dimethyl- 
anthracene (2.06 g, 0.01 mol) and anhydrous aluminum chloride 
(1.33 g, 0.01 mol) in methylene chloride (10 ml) was stirred at 
room temperature for y2 hr. Work-up of the reaction mixture 
as in the previous cases gave 3.6 g (83?^) of 3J,, mp 262 
(lit.^^, mp 261-263°), after recrystallization from chloroform. 

11.4.5 Irradiation of 1 1 , 1 2-Diben20vl-9 , 1 O-dihydro:^ 

9 . 1 D-e thenoanthracene (34) in Methanol 

A solution of 1 1 , 1 2-dibBnzDyl-9 , 1 O-dihydra-9 , 1 0- 
ethenoanthracene {M) (533 mg, 1.29 mmol) in methanol (470 ml) 

was irradiated for 1/2 hr, using a 450-W Hanovia medium-pressure 
mercury lamp, and this experiment was repeated a few times to 
irradiate, in all, 1.6 g (3.88 mmol) of 34- The photolysed 
mixtures were combined together and the solvent was removed 
under vacuum to give a solid residue. Treatment of this 
residue with a 2% solution of aqueous sodium bicarbonate (9 ml) 
and acidification of the bicarbonate-extract with dilute hydro- 
chloric acid (5?S) gave 40 mg (6%) of benzoic acid, mp 122 



(mixture melting point), after recrystallization from a mixture 
(1 :9) of benzene and petroleum ether. 

The residue that was left behind, after treatment with 
bicarbonate solution, was chromatographed over silica gel. 
Elution with a mixture (1 :9) of benzene and petroleum ether 
gave 843 mg (52%) of 1,2-dibenzoyldibenzQtricyclD[3.3.0.0^’®3- 
octa-3 , 6-di ene (£2), mp 188° (mixture melting point). 

Further elution of the column with a mixture (1 :4) 
of benzene and petroleum ether gave 500 mg (32%) of the 
unchanged starting material (34) . mp 212° (mixture melting point), 
after recrystallization from acetone. 

^ ^ ^ Irradiation of 11.12-Dibenzo.vl-g,10-dihvdro- 

9 , 1 0-ethenoanthracene (34) in Methan ol , 

Saturated with Oxygen 

A solution of 3^ (500 mg, 1 .2 mmol) in methanol (500 ml) 
was irradiated for ^2. hr, using a 450-W Hanovia medium-pressure 
mercury lamp and under constant oxygen bubbling. Removal of 
the solvent under vacuum and treatment of the resultant residue 
with dilute sodium bicarbonate solution (2%), followed by 
acidification of the bicarbonate-extract gave 32 mg (22%) of 
benzoic acid, mp 122° (mixture melting point), after recrystal- 
lization from a mixture (1 ;9) of benzene and petroleum ether. 
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The residue left behind after bicarbonate extraction 
was chromatographed over silica gel. Elution with a mixture 
(1:9) of benzene and petroleum ether gave 235 mg (47%) of 42, 
mp 188° (mixture melting point) 

Further elution of the column with a mixture (1 :4) of 
benzene and petroleum ether gave 104 mg (21%) of the unchanged 
starting material, (34) , mp 212° (mixture melting point). 

I J^J^sdiation of 11,12-Dibenzoyl-9,1D~dih.vdro- 
9 , 1 0-ethenoanthracene ( 34 ) in Acetone 

A solution of ^ (200 mg, 0.48 mmol) in acetone 
(250 ml) was irradiated for 72 hr, using a 450-W Hanovia, 
medium-pressure mercury lamp. Removal of the solvent under 
vacuum and work-up of the resultant product mixture, as in 
the earlier cases gave 178 mg (89%) of mp 188° (mixture 

melting point) . 

II. 4.0 Hydrogenation of 1,2-Dibenzo.vldibenzo- 
tricyclo [3 . 3 . 0 . 0^ ^ ] Dcta-3 , 6 — diene (42) 

A mixture of 42. (412 mg, 1 mmol) and 5% palladium on 
charcoal (350 mg) in THF (20 ml) was hydrogenated at 10 psi 
for 2 hr. After filtering off the catalyst, the solvent was 
removed under vacuum to give a product, which was recrystal— 
lized from acetone to give 250 mg (60%) of 9a,10-dibenzoyl- 
4b , 9 , 9a, 1 0-tetrahydro-cis-indena[1 , 2-a] indene (41), mp 

228-229°. 



Found ; 


An^. Calcd for ^ 20 ^ 22 ^ 2 ' 96.95; H, 5.31. 

C, 87.38; H, 4.88, 

IR spectrum (KBr) v • 3060, 3020 and 2950 cm"'' 

rn a X 

,4 

’ 1690 cm ^^C=0^' 1 590 cm"”' ^ • 

UV spectrum (methanol) X ; 250 nm (e, 27,600), 

max ^ ^ 

290 (2,900, sh). 

II. 4. 9 Irradiation of 11,12-Diben2o.vl-9,10-dih.vdro- 

9-me thvl-9 , 1 O-ethenoanthracene (35) in Benzene 

A solution of ^ (1.8 g, 4.22 mmol) in benzene (2000 ml) 
was irradiated for 72 hr in three lots, using a 450-W Hanovia 
medium-pressure mercury lamp. Removal of the solvent under 
vacuum from the combined photolysates gave a residue, which 
was treated with a 2 % solution of sodium bicarbonate. Acidi- 
fication of the bicarbonate extract with dilute hydrochloric 
acid gave 65 mg (12^) of benzoic, mp 122° (mixture melting 
point), after recrystallization from a mixture (1:9) of benzene 
and petroleum ether. 

The material that was left behind after bicarbonate 
extract was chromatographed over silica gel. Elution with a 
mixture (1:4) of benzene and petroleum ether gave 980 mg (54'5i) 

of 8c,8d-dibenzoyl-4b,8b,8c,8d-tetrahydro-4b-methyldibenzo[a,b] - 
cyclapropa[c, d] pentalene (41), mp 193°, after recrystallization 
from a mixture (9:1 ) of methanol and methylene chloride. 



Anal . Calcd for C2^H2202' 87.55; H, 5.16; Mol. wt., 

426. Found; C, 87.42; H, 5.11; Mol. wt., 426 (Mass spectro- 
metry) . 

IR spectrum (KBr) v ; 3065 and 2925 cm"^ ( m)» 

^ max u-n 

1 685 and 1 670 cm”^ 1 605 and 1 585 cm ^ 

UV spectrum (methanol) ^ : 251 nm (e, 28,300), 

max 

275 (7,800, sh) and 300 (1,400, sh) . 

1 1 . 4 . 1 0 Irradiation of 11,12-Dibenzovl-9,10“dih.vdro_- 

9 -methyl-9 , 1 D-ethenoanthracene (35) in Methanol 

A solution of .35 (1 .8 g, 4.22 mmol) in methanol 
(1800 ml) was irradiated for ^2. hr, in three lots. Solvent 
from the combined photolysates was removed under vacuum and 
the resultant product mixture was worked up as in the earlier 
case by treatment with sodium bicarbonate solution (2%) to 
give 40 mg (8^) of benzoic acid, mp 122° (mixture melting point). 

The material that was left behind after bicarbonate 
extraction was chromatographed over silica gel. Elution with 
a mixture (1 :4) of benzene and petroleum ether gave 900 mg 
(50?^) of 41, mp 193° (mixture melting point), after recrystal- 

lization fram acetons- 

Further elution of the column with a mixture (3:7) of 
benzene and petroleum ether gave 340 mg (19«) of the unchanged 
3 t 3 ^ting materiel (S^j.mp 181° (mixture melting point). 
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1 1 . 4 . 1 1 Irradiation of 11,12-Dxbenzovl-9»10-dihvdrD- 

9-methvl-9 > 1 O-ethenoanthracene (35) in Acetone 

A solution of ^ (5D0 mg, 1.2 mmol) in acetone 
(500 ml) was irradiated for VZ hr, using a 450-W Hanovia 
medium-pressure mercury lamp. Removal of the solvent 
under vacuum and work-up of the residual solid, as in the 
earlier case gave 12 mg (8%) of benzoic acid, mp 122° 
(mixture melting point), 320 mg [64%) of mp 193 

(mixture melting point) and 75 mg (15^) of the unchanged 
starting material (35), mp 181° (mixture melting point). 


II. 4. 12 Hydrogenation of 8c , 8 d-dibenzoyl-4b , 8b , B c , 8 ri- 
te t r ahy dro-4b— met hy Idibenzo [, a , bj cyclopro pa— 

[ c , dl pentalene (47) 

To a solution of 4^ (426 mg, 1 mmol) in THF (20 ml) 
was added 400 mg of 5% palladium on charcoal and the mixture 
was hydrogenated at 10 psi for 2 hr. After filtering off 
the catalyst, the solvent was removed under vacuum to give a 
product, which on subsequent purification through preparative 
thin layer chromatography gave 9 a, 1 0-dibenzoyl-4b , 9 , 9a, 1 0- 

tetrahydro-4b-methyl-cis-indeno[1 ,2-al indene (^) , mp 21 3 . 


Anal . Calcd for 


H, 5.60. 


Found : 


C, 86.50; H, 4.93. 

IR spectrum (KBx) 3060, 3020, 2960 end 2920 cm 

tv,. J, 1680 cm-’ 1600 and 1 580 cm"’ (v^,,.). 

u n 
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UV spectrum (methanol) 245 nm (e, 23,500) 

ul aX 

and 28 5 (3,100). 

1 1 . 4 . 1 3 Irradiation of 11,l2-Dibenzovl-9,10-dih.vdro- 

9— hy droxy— 9 , 1 0~ethenoanthracene (36) in Benzene 

A solution of ^ (2,7B g, 6.5 mmol) in benzene (1300 ml) 
was irradiated for 1 hr, in eight lots, in a Srinivasan-Griffin 
Rayonet photochemical reactor, using a 3500 R light source. 
Removal of the solvent under reduced pressure from the combined 
photolysates gave a residual solid, which was extracted with 
aqueous sodium bicarbonate { 2 %). Acidification of the bicar- 
bonate-extract with dilute hydrochloric acid gave 31 mg (4^^) 
of benzoic acid, mp 122° (mixture melting point). 

The product mixture that was left behind after 
bicarbonate extraction was chromatographed over silica gel. 
Elution With a mixture (1:20) of benzene and petroleum ether 
gave 725 mg ( 26 %) of 9a,1D-dibenzoyl-4b,9,9a,10-tetrahydro- 
9-oxo- cis -indeno n .2-a1 indene (^) , mp 209-210°, after recrys- 
tallization from acetone. 

^AjT_a^. Calcd for 04.115 h, 4.67? Found: C, 

84.62? H, 4.40. 

IR spectrum (KBr) v : 3080, 3060, 3040 and 2980 cm~^ 

^ in 3X 

(v 1715 and 1 675 cm ^ 1 595 cm ^ ’ 

UV spectrum (methanol) 253 nm (e , 45,600) and 

300 (4,100). 
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Further elution of the column with a mixture (1 :9) of 
benzene and petroleum ether gave 1 .39 g (50%) of the unchanged 
starting material (^) , rnp 212-213° (mixture melting point), 
after recrystallization from benzene. 

1 1 . 4 . 1 4 Irradiation of 1 1 , 1 2-Dibenzo.vl-9 , 1 O-dihvdro-9- 
h,vdrox,v-9 , 1 O-ethenoanthracene (36) in Acetone 

A solution of 3^ (620 mg, 1 .45 mmol) in acetone (620 ml) 

was irradiated for 1 hr, in four lots, in a Srinivasan-Grif f in 

Rayonet photochemical reactor (3500 %) . Removal of the solvent 

under reduced pressure from the combined photolysates gave a 

product mixture, which was worked up as in the earlier case to 

give 17 mg (7%) of benzoic acid, mp 122° (mixture melting 

point), 380 mg (62%) of 55, mp 209-210° (mixture melting point) 

and 125 mg (20%) of the unchanged starting material (^) , mp 

212-213° (mixture melting point). 

II. 4. 15 Irradiation of 11,12-Dibenzoyl-9,1D-dihydr o-9,10- 
dim eth.vl-9,1 O-ethenoanthracene (3J.) in Benzene 

A solution of 3J (1.1 g, 2,5 mmol) in benzene was 
irradiated for Y2 hr, in two equal lots, in a Srinivasan- 
Griffin Rayonet photochemical reactor (3500 %) , Removal of 
the solvent under vacuum from the combined photolysates gave 
a residual solid, which was recrystallized from methylene 
chloride to give 500 mg (45%) of an isomeric, hydroxy compound 

(63), mp 180-181°, 
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Anal . Calcd for 0T.2T; H, 5.45; Mol. wt., 

44D. Found; C, 87. 50; H, 5.17; Mol. wt., 440 (Mass spectro- 
metry) . 

IR spectrum (KBr) v ; 3530 (v 3060, 3030, 

max 0 -H 

3010, 2960 and 2920 cm"'’ ^''c=C^' 

UV spectrum (methanol) 255 nm (£, 24,600). 

The mother liquor, after the removal of S_3, was 
extracted with an aqueous solution of sodium bicarbonate 
{2%) . Acidification of the bicarbonate-extract with dilute 
hydrochloric acid gave 20 mg {1%) of benzoic acid, mp 122 ° 
(mixture melting point) . 

The organic layer, after extraction with bicarbonate 
solution, was concentrated under vacuum and subsequently 
chromatographed over silica gel. Elution of the column with 
a mixture (1:19) of benzene and petroleum ether gave 130 mg 

(125^) of 2, 3-dibBnzoyl-2, 3-dihydro-1 ,4-dimethyl-2-benzonaph- 

thalene ( 6 Ci ) , mp 1 54-1 55°, after recrys tallization from 
cyclohexane . 

Anal . Calcd for C 32 H 24 O 2 : C, 87.27; H, 5.45; Mol. wt., 
440. Found; C, 87 . 6 ; H, 5.1; Mol. wt., 440 (Mass spectrometry). 

IR spectrum (KBr) 3053, 2977 and 2927 cm’"' 

1 663 cm“^ ^'’c=0^' ^ ^ 

UV spectrum (methanol) 243 nm (e, 29,000), 

31 3 (18,000) and 335 (1 1 ,500, sh). 



Further elution of the column with a mixture (3 j 7) of 
benzene and petroleum ether gave 300 mg [27'%) of 1,4-diben- 
zoyl-5 , 8-dimethyl-2 , 6-dibenzocyclooctatetraene (5J7) , mp 211- 
212°, after recrystallization from acetone 

Anal Calcd for ^22^24^2’ 87-27; H, 5.45; Mol. wt., 

440. Found. C, 87.48; H, 5.38; Mol. wt., 440 (Mass spectro- 
metry) . 

IR spectrum (KBr) 3060 and 2970 cm 

1 652 cm”"' 1 605 and 1 585 cm"’”' • 

UV spectrum (methanol) 2S0 nm (e, 3,600) and 

282 (8,100, sh). 

II. 4. 16 Irradiation of 11,12-Dibenzovl-9,10-dihy dro-9,10- 
dimethyl-9 , 1 D-ethenoanthracene ( 3_7_) in Methanol 

A solution of 3X (1.10 g^, 2.5 mmol) in methanol (1 000 ml) 
was irradiated for hr in two lots, using a 450-W Hanovia 
medium-pressure lamp. Removal of the solvent under vacuum gave 
a residual solid, which was extracted with aqueous sodium 
bicarbonate solution (2%). Acidification of the bicarbonate 
extract gave 25 mg (B^) of benzoic acid, mp 122° (mixture 
melting point ) . 

The material that was left behind, after extraction 
with sodium bicarbonate, was chromatographed over silica gel. 
Elution with a mixture (1:19) of benzene and petroleum ether 
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gave 275 mg (25^) of 2, 3-dibenzoyl-2, 3-dxh\/dro-1 , 4-dimethyl- 
2-benzonaphthalene (^) , mp 1 54-1 55°, (mixture melting point), 
after recrys tallization from cyclohexane. 

Further elution of the column with a mixture (3:7) of 
benzene and petroleum ether gave 297 mg (27%) of 1,4-dibenzDyl- 
5 , B-dime thyl-2, 6-dibenzocyclooctatetraene (^), mp 210-211° 
(mixture melting point), after recrystallization from acetone. 

Subsequent elution of the column with a mixture (1 :1 ) 
of benzene and petroleum ether gave 70 mg (17%) of 'the unchan- 
ged starting material (3r^), mp 261 -262 (mixture melting 
point) . 

11.4*17 Irradiation of 11,12-Dibenzovl-9,10-dih ydro-g,10- 
dimethvl-9 , 1 0-ethenoanthracene ( 3.1) m Acetone 

A solution of 11 (200 mg, 0.4 mmol) in acetone (200 ml) 
was irradiated for y4 hr, in a Srinivasan-Grif fin Rayonet 
photochemical reactor (3500 ^). Removal of the solvent under 
vacuum from the reaction mixture gave a residual solid, which 
was extracted with an aqueous solution of sodium bicarbonate. 
Acidification of the bicarbonate extract with dilute hydro- 
chloric acid gave 14 mg (9%) of benzoic acid, mp 122° (mixture 
melting point), after recrystallization from a mixture (1:9) 
of benzene and petroleum ether. 

The material that was left behind after extraction 
with bicarbonate was recrystallized from ethyl acetate to give 
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162 mg (80?5) of 9a,10-dxbenzoyl-4b,9,9a,10-tetrahydro-4b- 
methyl-9-methylene-cis.-.indeno[l ,2-a]andene (65.), mp 245°. 

Anal. Calcd for ^^ 2 ^ 24 ^ 2 ’ 8T.27| H, 5.45; Mol. wt., 
440. Found: C, 87.00; H, 5.20; Mol. wt., 440 (Mass spectro- 
metry) . 

IR spectrum (KBr) 3055, 301 0, 2965, 291 5 and 

1 . 

2865 cm" cm~^ ^"^0=0^' ^ 

^"c=c^- 

UV spectrum (methanol) \ : 232 nm (e, 22,400), 

m 3X 

250 (28,200), 269 (8,500, sh), 297 (2,700, sh) and 310 
(2,100, sh). 

^ ^ ^ ® Irradiation of 1 , 4-Dibenzoyl-5 , 8-dimethyl-2 , 6- 

dibenzocyclooctatetraene (57) in Methanol 

A solution of ^ (110 mg, 0.25 mmol) in methanol 
(150 ml) was irradiated for 74 hr, using a 450-W Hanovia 
medium-pressure lamp. Removal of the solvent under vacuum 
gave a product mixture, which was chromatographed over silica 
gel. Elution with a mixture (1:19) of benzene and petroleum 
ether gave 22 mg (20^) of 2, 3-dibenzoyl-2, 3-dihydro-1 , 4- 
dimethyl-2-benzonaphthalene (^), mp 154° (mixture melting 
point), after recrystallization from cyclohexane. 

Further elution of the column with a mixture (1:9) of 
benzene and petroleum ether gave 36 mg (335^) of the unchanged, 
starting material (H) , mp 210-211° (mixture melting point). 



II. 4. 19 Thermolysis of 11,12-Dibenzovl-‘9,1D--dihyciro- 
g-methyl-9»10-ethenoanthracene C35) 

A solution of 3^ (400 mg, 0.9 mmol) in diphenyl ether 
(25 ml) was refluxed for 1 6 hr and subsequently the solvent 
was removed under reduced pressure. The residue thus obtained 
was chromatographed over silica gel and elution with petroleum 
ether gave 42 mg [ 22 %) of 9-methylanthracene , mp 81° (mixture 
melting point ) , 

Further elution of the column with a mixture (1 :4) 
of benzene and petroleum ether gave 272 mg [^ 1 %) of 'the 
unchanged starting material (3^), mp 181° (mixture melting 
point) . 

II. 4. 20 Thermolysis of 1 1 , 1 2-Dibenzo.vl-9 , 1 O-dih.vdro-9- 
hydroxy-9 r 1 0-e thenoanthracene ( 36_) in Diphenyl 
Ether 

A solutinn of ^ (428 mg, 1 mmol) in diphenyl ether 
(25 ml) was refluxed for 8 hr. Removal of the solvent under 
vacuum gave a product mixture, which was chromatographed over 
silica gel. Elution of the column with a mixture (1:19) of 
benzene and petroleum ether gave 110 mg [ 26 %) of anthraquinone 
(12), mp 283-284° (mixture melting point). 



II. 4. 21 Thermolysis of 11,12-Dibenzoyl-9>lQ-dihydro— 
9>l0-dimethyl-9,1 0 -e t hen o ant hr scene ( 3T) 


A sample of 3_7 (400 mg, D.fl mmol) was heated in a sealed 
tube around 300 for 24 hr. Removal of the sublimed material 
from the cooler parts of the tube gave 5 mg (6?5) of benzoic 
acid, mp 122° (mixture melting point). 

The reaction mixture left inside the tube was chromato- 
graphed over silica gel. Elution with petroleum ether gave 
30 mg (16^) of 9 , 1 0-dimethylanthracene (2S.) > '^P 102° (mixture 
melting point) . 

Further elution of the column with a mixture (1:1) of 
benzene and petroleum ether gave 270 mg (68?^) of the unchanged 
starting material (^) , mp 261-262° (mixture melting point). 
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CHAPTER III 


PHOTOCHEMICAL AND THERMAL TRANSFORMATIONS OF 
2H-1 ,2,4-BENZOTHIADIAZINE 1,1-DIOXIDES 


III.1 ABSTRACT 

The photochemical and thermal transformations of a few 
thiadiazine 1,1-diQxides such as, 2H-1 , 2 , 4-benzothiadiazine- 
2-phenyl 1,1-dioxide (32.), 2H-1 , 2, 4-benzothiadiazine-3-methyl- 
2-phenyl 1,1 -dioxide (.33.) » 2H-1,2,4-benzothiadiazinB-3-methyl- 

2- ( 2 ' -methylphenyl ) 1,1-dioxide i^) f 2H-1,2,4-benzDthiadiazine- 

3- nie thyl-2- ( 4 ' -me thylphenyl ) 1,1-dioxidB (3.^) and 2H— 1 , 2, 4-ben- 
zathiadiazine-2-cyclohBxyl-3-methyl 1,1-dioxide (^), have been 
examined in the present studies. 



Irradiation of 2H-1 , 2, 4-benzQthiadia2inB-2-phenyl 

1.1— dioxide (3^) in methanol, for example, gave a mixture of 

products consisting of N- ( 2 ’ -aminobenzenesulf onyl ) aniline 
^23.1 T2?5) and N-(2 *-formamidobenzenesulfonyl) aniline ( 39 « - 

On the other hand, irradiation of 3 2 in benzene, gave exclusi- 
vely 3_2_ in a yield. In contrast, the irradiation of 2H-1 , 

2 , 4 — benzothiadiazine-3-methyl-2-phBnyl 1,1-dioxide {3j_) in 
methanol for 2 hr, gave a AA% yield of 5H-dibenzo[b, g] [1 , 4, 6] - 
thiadiazocine-6-Tnethyl 1 2 , 1 2-dioxi de (^) , whereas the irradia- 
tion in benzene for 2y2 hr gave 25^^ yield of 43 . Similarly, 
the irradiation of 2H-1,2,4-benzothiadia2ine-3-methyl-2- 

( 2 * -methylphenyl ) 1,1-dioxide (3^) in methanoi gave a 33^ 
yield of 5H-dibBnzo[b , g] [1 , 4, 6] thiadiazocine-4 , 6-dimethyl 
1 2 , 1 2-dioxi de (^) . Under analogous conditions, the irradiation 
^ benzene gave a 37^ yield of 44. Irradiation of 2H-1,2, 
4-benzothiadiazine-3-methyl-2-(4 ’ -methylphenyl) 1,1-dioxide ( 35 ) 
in methanol, gave the corresponding ring-expanded product, 
5H-dibenzo[b,g] [l ,4,6] thiadiazo cine -2, 6- dimethyl 12,1 2-diDxidB 
( 45 ) in a 33% yield. The irradiation of ^ in benzene, however, 
gave a 46% yield of 45 . 

Thermolysis of 2H-1 , 2, 4-bBnzothiadiazine-2-phenyl 

1.1- dioxide (^) by refluxing in diphenyl ether ( 250°) for 

10 hr resulted in the formation of a 87% yield of N-(2'-forma- 
mi do b en ze ne s ul f o nyl ) anilin B ( 39 ) « In contrast, the thermolysis 
of the benzo thiadiazine 1 ,1— dioxides, 3^ and .3_5, under 



analogous conditions did not give rise to any isolable products; 
the unchanged starting materials were recovered in each case. 


On the other hand, the thermolysis of 2H-1 , 2 , 4-benzo- 
thiadiazine-2-cyclohexyl-3-methyl 1,1-diDXide (^) by refluxing 
in diphenyl ether for 2 y 2 hr gave an 82^0 yield of a product, 
identified as 2-aiTiino-2, 3-dihydro-2-methyl-1 , 3-benzothiazole 
1 , 1 -dioxi de (5^) . 

Reasonable mechanisms have been suggested for the 
formation of different products, in the photochemical and 
thermal transformations of the different benzothiadiazine 
derivatives, 32 — 36 , that we have examined* 

I I I . 2 INTRODUCTION 

Heterohexa-1 , 3, 5-trienes containing hetero atoms such as 

oxygen, nitrogen and sulfur can, in principle, undergo thermal 

1 

Blectrocyclic reactions to give heterocyclohexa-l , 3-dienes , 
through a [ir^s + /s + tt^s] process or the [ir^a + T?a] type of 
addition to give heterobi cyclo [3 . 1 . 0] hexenes . The same 
hBtBrobicyclo[3.1 .0] systems would be predicted to be formed by 
the photocyclizations of the corresponding he terohexa-1 , 3 , 5- 
trienes through a [rr'^a + /s] or [ ir'^s + ir^aj type of addition. 

In addition to the above cyclizations , monocyclic f ive-membered 
rings can be formed from heterohexa-1 , 3 , 5-trienes through either 
a pantadienyl anion mode of cyclization^ or an rntramolaoolar 
nuclsophilio addition involi/ing hetaro atoms suoh as nitrogen. 
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to the heterodione part of the triene system.^ Some of these 
possible modes of additions are shown in Scheme 

Numerous examples of the thermal and photochemical 
transformations of heterohexa-1 , 3 , 5-trienes or their precursors 
such as the corresponding heterocyclohexa-1 , 3-dienes , are 
reported in the literature.^ Gorewit and Rosenblum,^ for 
example, have shown that the sultones ^a,b are initially 
converted to the corresponding a , ^-unsaturated sulfenes IDa.b. 
which in turn will lead to the dicarbonylalkenes 1 4 a . b through 
the loss of sulfur monoxide. Further pho totransformation of 
14a, b would lead to the butenolides 12.a,b, as shown in 
Scheme 111.2.^ 

An analogous phototransformation is observed in the case 

of pulegone sultam (15_) , which is converted to the tetrahydro- 

5 

indole derivative 10_, upon irradiation. It has been suggested 
that the initially formed heterohexa-1 , 3 , 5-triene 16 , undergoes 
cyclization to give the dipolar intermediate 1_X, which can sub- 
sequently lose sulfur dioxide to give the tetrahydroindole 
derivative 1_8, as shown in Scheme III. 3. 

An interesting case of the thermal transformation 
of a benzoxadiazine system has been studied by Gilchrist 
et al., who have shown that 3-£-tolyl-1 , 2 , 4-bBnzoxadiazine 
(1 91 IS converted to 2-£-tolyibenzoxazale (^) in an 80% yield, 
on refluxing in chlorobenzene. The net loss of NH and the 





Scheme III 2 



9 a , r' = R^= CH 3 
b.R' = CH3,R'=C6H5 
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liberatxon of ammonia suggests the involvement of redox 
cesses in these transformations. These authors have suggested 
that the initially formed heterohexa-1 , 3 , 5-triene 20 , may be 
undergoing transformation to the benzoxazole 23 . through the 
intermediates 21_ and 2^, as shown in Scheme III. 4. The hetero- 
hexa— 1 ,3,5— triene 20 , can undergo transformation through an 
alternative pathway, involving the dipolar intermediate 22 . 
leading to the product 23 . 

There have been no reports so far in the literature 
on either the thermal or photochemical transformations of 
benzothiadiazines , which could be viewed as precursors for 
heterohexa-1 , 3 , S-triene systems, containing two nitrogen and 
one sulfur atoms. In this context, we have examined the photo- 
chemical and thermal transformations of a few 2H-1 , 2, 4-benzo- 
thiadiazine 1 ,1 -dioxides, with a view to examining the type of 
products formed in these transformations. Some of the benzo- 
thiadiazine 1,1-dioxides that we have examined include, 2H-1,2, 
4— Benzothi adiazinB-2-phenyl 1,1— dioxide ( 32 ) , 2H—1,2,4-benzo — 
thiadiazine— 3— methyl— 2— phenyl 1,1— dioxide ( 33 ) , 2H— 1 , 2 , 4— benzo— 
t hi adi azi ne— 3— m ethyl — 2-(2’ -me t hylph enyl ) 1,1 - di oxi de ( 3^) , 

2H-1 , 2,4-benzothiadiazinB-3-methyl-2-(4 ’-methylphenyl) 1,1- 
dioxide (^) and 2H-1 , 2, 4-benzothiadiazine-2-cyclohexyl-3-methyl 
1,1 -dioxide ( 36 ) . 
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Scheme III. 4 
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III-3 RESULTS AND DISCUSSION 


1 58 


III. 3.1 Synthesis o f 2H-1 , 2 , 4-Ben2othiadiazine 1 > 1 -Dioxides 

Several reports have appeared in the literature 

concerning the synthesis of 2H— 1 , 2, 4— Benzothiadiazine 

T 12 

1 ,1—dioxides. Freeman and Wagner,"^ for example, had 

reported that the benzothiadiazine 1,1 -dioxides such as 32 
34 are formed in rather moderate yields, through the 
reaction of N- ( 2 ’ -aminobenzenesulfonyl ) aniline (2_^) and 
N-( 2 ’ -aminobenzenesulfonyl) -2-methylaniline (2^), with the 
triethyl orthoestors ^ and respectively. These workers 

had observed that iminoether intermediates ^ are formed in 
these reactions as by-products; however, their attempts to 
convert these iminoether intermediates to the corresponding 
benzothiadiazine 1,1-dioxides have not been successful. 

In the present studies, we have observed that the 
benzothiadiazine 1 , 1 -dioxides, 32-36 are conveniently prepared 
in good yields through the direct heating of the corresponding 
o-aminobenzenesulf onamide with the appropriate orthoester, 
around 130-140°, followed by heating of the reaction mixture 
at higher temperatures. Thus, heating of a mixture of 
l\j_ ( 2 ' —aminoben zene su'lfonyl ) aniline (2^) and triethyl ortho- 
formate ( 29 ) around 1 30—140 , for y2 hr, followed by refluxing 
the mixture in diphenyl ether for an additional period of y2 hr 
gave a 75 % yield of 2H-1 , 2, 4-benzothiadiazine-2-phBnyl 1,1- 


dioxide (^) . 



Similarly, heating of 25 with triethyl orthoacetate (^) 
around 1 30-1 40°, initially for 1/2 hr, followed by refluxing of 
the mixture in diphenyl ether for 1/2 hr, gave a lAt yield of 

2H-1 ,2,4-benzothiadia2ine-3-methyl-2-phBnyl 1,1-dioxidB (33). 

Likewise, the reaction of N- ( 2 ' — aminobenzenesulfo nyl ) - 
Z-methylaniline (2^) with triethyl orthoacetate (^) , under 
conditions analogous to the formation of ^ and 23, gave a 65% 
yield of 2H-1 ,2,4-benzothiadia2ine-3-methyl-2-(2'-methylphenyl) 

1,1-dioxide (32), whereas, the reaction of N- ( 2 ' -aminobenzene- 
sulfo nyl ) —4— me thylaniline (22.) With trimethyl orthoacetate ( 31 ) . 
gave a 73% yield of 2H-1 , 2, 4-benzothiadiazine-3-methyl-2- 
(4 • -methylphenyl) 1,1-dioxide (25.). Heating of a mixture of 
N-(2 '-aminobenzenesulfonyl) cyclohexylamine (28.) and trimethyl 
orthoacetate ( 31 ) for /Z hr around 130°, on the other hand, 
gave a 74% yield of the iminoether derivative 37e . Refluxing 
of the iminoether derivative 37 e in o.-dichlorobenzene (196°) 
for 2 hr, however, gave a 69% yield of 2H-1 , 2, 4-benzo thiadia- 
zinB-2-cyclohexyl“3-me thyl 1,1 -dioxide ( 36 ) . 

The structures of the benzo thiadi azine 1 , 1 -dioxides , 

32-36 have been arrived at on the basis of analytical data and 
spectral evidences (see, experimental section). With a view to 
understanding the modesof fragmentation of the benzothi adiazine 
1 , 1 -dioxides , under electron impact, we have examined the mass 
spectral fragmentations of a representative example such as 33 . 
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The mass spectrum of 3_3 (Fig. Ill.l) showed the molecular 
ion peak at m/e 272 (41). in addition, the spectrum showed 
several signals at m/e 213 (5), 208 (5), 207 (20), 181 (2), 

167 (3), 166 (4), 157 (2), 140 (2), 139 (2), 118 (9), 117 (100), 
116 (7), 91 (5), 77 (10), 76 (7), 65 (2), 64 (4), 63 (4) and 
51 (9). Some of the probable modes of fragmentation of 3_3 are 

shown in Scheme III. 5. The loss of a CgH^N fragment from the 
molecular ion can lead to 33 b at m/e 181 , which in turn can 
lose SQ 2 "to give the fragment 33 c at m/e 117. Subsequent loss 
of a hydrogen at)m from ^c can lead to S^f at m/e 116. The 
loss of an SO 2 fragment from the molecular ion, on the other 
hand, will result in 33 d at m/e 200, which in turn can lose a 
hydrogen atom to give the fragment 33 a at m/e 207. The loss 
of a CHgCN fragment from 33 d will, however, result in 33 h at 
m/e 167.^ ^ 

The formation of the 2H-1 , 2, 4-ben2othiadiazine 1,1- 
dioxides such as 32-36 in the reaction of the corresponding 
2-aminabenzenesulfonamides with the appropriate orthoesters can 
be rationalised in terms of the pathway shown in Scheme III. 6. 

It would be reasonable to assume that the o-aminobenzene sul- 
fonamides 25-28 react with the appropriate orthoesters 
29-31 to give initial intermediates .^a-e , which can 
subsequently lead to the benzothiadiazine 1,1-dioxides 
32-36 , at elevated temperatures, as shown in Scheme III. 6. 
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re ,R = C 6 Hi,.r'=CH 3 


I 



1 1 1 . 3 . 2 Photpc heinical Transforinations pf 2H-1 . 2 > 4- 
Bsn zo thiadi azin e 1 f1—Dioxidss 

In the present studies, we have examined the photo- 
chemical transformations of a fevj benzothiadiazine 1,1-diDxides 
such as 2H— 1 , 2 , 4-ben zo thi adia zine-2- phenyl 1,1— dioxide ( 32 ) . 

2H-1 , 2,4-bBnzQthiadiazine-3-methyl-2-phenyl 1 , 1 -dioxide (33), 
2H-1 , 2,4-benzothiadiazine-3-mBthyl-2-(2‘-methylphenyl) 1 ,1 -di- 
oxide (J4_) and 2H-1 , 2 , 4-benzQ thiadiazine-3-me thyl-2- ( 4 ' -methyl- 
phenyl) 1,1-dioxide ( 35) , 

Irradiation of a solution of 32 in methanol for 1 hr, 
for example, gave a mixture of products consisting of IM-(2'- 
aminobenzenesulfonyl) aniline (^, 12 %) and N-( 2 ’ -f ormamido- 
benzenesulfonyl ) aniline (^, B?S). On the other hand, the 
irradiation of in benzene for 1^2 hr, under analogous 
conditions, gave a 68/S yield of In addition, 10^ of the 

starting material (3^) could also be recovered from this run. 

The structure of was established on the basis of 

•j 

analytical data and spectral evidences. The H NMR spectrum of 
39 . (Fig. III. 2), for example, showed two singlets at 1.78 
(1 H, D 20 -exchangeable ) and 6 9.15 (1 H, D20-Bxchang eable ) , 
which could be assigned to the NH protons, whereas the complex 
multiplet centred around <5 7.03 (10 H) has been assigned to the 
aromatic protons and the formyl proton. 
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Fig . Ill 2 NMR spectrum (90 MHz) of 19 



The mass spectrum of ^ (Fig. Ill, 3) showed a molecular 


ion peak at m/ e 276 (100). In addition, the spectrum showed 
several signals at m/e 259 (3), 258 (9), 248 (12), 196 (18), 

184 (52), 183 (10), 182 (5), 16? (8), 166 (9), 156 (56), 

1 40 (8), 1 22 (9), 1 20 (20), 108 (18), 92 (24) and 91 (17). 

Some of the probable fragmentation modes are shown in 
Scheme 1 1 1 . 7. 

Further proof of the structure of 3^. was derived 
through its preparation in a J'\% yield in the reaction of 
N- ( 2 ’ -aminoben zenes ulfonyl ) aniline {2^) with formic acid. 

The formation of products such as 2^ and 3£ in the 
photoreaction of ^ may arise through the initial addition of 
elements of water to under the reaction conditions, to give 

the carbinol which in turn could lead to 39, (Scheme III. 8). 

Further loss of carbon monoxide or a formyl group from 39., 
under photochemical conditions could result in the formation of 
25 . In support of this assumption, it has been observed that 
irradiation of 3i in methanol leads to a 71 yield of 25. 

In contrast to the phototransformation of 32, irradiation 

of a solution of 2H-1 , 2, 4-benzothiadiazine-3-methyl-2-phenyl 

1,1-dioxide (3 Jl) in methanol gave a 40^ yield of a product, 

Identified as 5H-dibenzo [b, g] [ 1 ,4 , 6] thiadiazocine-6-methyl 

12,12-diaxide (^) . Similarly, photolysis of 33 in benzene, 

25?S yield of £3. 


however, gave a 
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m/e182(5) m/e 183 (8) m/e 92(24) m/c 140(8) 



The structure of ^ has been established on the basis 

of analytical data, spectral information and chemical evidence 
•) 

The H NMR spectrum of ^ (Fig. III. 4), for example, showed a 
singlet at 5 2.36 (3 H), assigned to the methyl protons and a 
second singlet at 5 5.0 (1 H, D 20 “exchangeable ) , assigned to 
the NH proton. In addition, the spectrum showed a complex 
multiplet centred around 5 7.25 (6 H) due to the aromatic 
protons and a doublet of doublets centred around 6 7.76 (2 H) , 
assigned to H-1 and H-1 1 protons (J^ 2 = 

Jl 3 “ ^1 •] g ~ 2 Hz). Down-field chemical shifts of H-1 and 

H-1 1 protons would be expected, owing to the proximity of the 

electron-withdrawing sulfone moiety. This is consistent with 

‘the observed chemical shifts for aromatic hydrogens, adjacent 

1 3 

to a sulfonyl group. 

The mass spectrum of 4_3 (Fig. III. 5) showed the mole- 
cular ion peak at ra/e 272 (3). Other peaks in the spectrum 
were observed at m/ e 209 (4), 207 (100), 167 (3), 166 (3), 

140 ( 2 ), 139 ( 2 ), 131 (2), 104 (2), 103 (3), 91 (2), 90 (1), 

77 ( 4 ) and 64 (2). Some of the probable fragmentation modes 
are shown in Scheme III. 9. Loss of an SO 2 H fragment from the 
molecular ion 43 a can lead to 43 b at m/e 207, which in turn 
can lose a LgH^ fragment to give 43 e at m/ e 131. Subsequent 
loss of a CH^CIM fragment from 43 e will result in £^h at m/e 
90 . On the other hand, loss of a CgHgN 2 fragment from 43 a 
will give rise to 43 d at m/e 140, which can then lose a CgH^ 
fragment to give 43 a at m/e 64. 
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43 d 43 e 43 f 

m/c 140(2) m/e 131(2) m/e 104(2) 



43g 


m/e 64(42) 


m/e 90 (1) 


Further proof for the structure of ^ 2 . was derived 
through its acid-hydrolysis , which resulted in a yield of 

2 , 2 * -di aminodi phenyl sulfone (£6) (Scheme III. 13). 

Similarly, the irradiation of 2H-1,2,4-benzothiadiazine- 

3-methyl-2'- ( 2 ' -methylphenyl ) 1,1-dioxide (^) in methanol gave 

a 33?^ yield of 5H-dibenzo [b , gj [1 , 4 , 6j thiadi azoci ne-4 , 6-dime thyl 

1 2 , 1 2-di 0 X 1 de (44), whereas the irradiation in benzene gave a 

21 % yield of 4 ^. The structure of 44 has been established on 

the basis of analytical results and spectral data. The H NMR 

spectrum of 4 ^ (Fig. III. 6), far example, showed two sharp 

singlets at <5 2.19 (3 H) and 2.40 (3 H) , due to the two methyl 

groups at C-4 and C-6 positions. In addition, the spectrum 

showed a doublet of doublets centred around 6 7.53 (1 H) and 

7. 77 (1 H) , assigned to the H-1 and H-1 1 protons, respectively. 

The coupling constants that we have observed for these signals, 

2 = 0 Hz, 2 = 2 Hz and = 7 Hz, ^ ^ = 2 Hz, are 

consistent with the observed couplings for orth o and me ta 

1 4 

protons in aromatic rings. The remaining aromatic protons 
appeared as a complex multiplet centred around S 7.05 (5 H). 

In addition, there appeared a one proton singlet at 6 9.05 (D 2 O- 
exchangeable ) assigned to the NH proton. 




spectrum (90 MHz) of 44. 
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Further evidence concerning the structure of £4 was 
derived from its mass spectrum. The mass spectrum of ^ 

(Fig. Ill, 7) showed a molecular ion peak at m/e 286 (6). In 
addition, the spectrum showed several peaks at m/e 223 (4), 

222 (26), 221 (56), 21 9 (3), 208 (1 6), 207 (100), 206 (1 3), 

205 (6), 181 (3), 180 (11), 179 (3), 167 (3), 152 (4), 149 (6), 

110 (8), 104 (4), 103 (3), 91 (3) and 90 (6). Some of the 
probable fragmentation modes are shown in Scheme 111,10. 

Irradiation of 2H-1,2,4-benzothiadiazine-3--methyl- 
2- ( 4 ’ -methylphenyl ) 1,1-dioxide (^) in methanol gave a 33% 
yield of 5H-dibenzo [b , g] [1 , 4, 6] thiadiazocine-2, 6-dimethyl 
1 2, 1 2-dioxide (^) , whereas the irradiation in benzene gave 
a 46^ yield of 4^. The structure cf 4_5 has been arrived at 
on the basis of analytical data and spectral evidences. The 

■j 

H NMR spectrum of 4^ (Fig. III.B), for example, showed two 
singlets at 5 2.26 (3 H) and 2.36 (3 H), due to the two methyl 
groups and a broad singlet at 6 5.3 (1 H, D20-exchangeable ) 
due to the IMH proton. In addition, the spectrum showed a complex 
multiplet centred around 6 7,23 (7 H) , which included a doublet 
of doublets at 5 7.66 (1 H, J^q = B Hz and = 2 Hz) and 

a singlet at S 7*46 (1 H) , assigned to the H-1 1 and H-1 protons, 
respectively . 

The mass spectrum of 4_5 (Fig. III. 9) showed the ' 

molecular ion peak at m/e 286 (14). Other peaks in the spectrum 
were observed at m/ e 261 (8), 245 (6), 221 (85), 220 (100), 
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206 (6), 205 (26), 204 (6), 165 (8), 183 (8), 161 (6), 

1 80 (21 ), 1 61 (30), 1 52 (1 9), 149 (71 ), 146 (1 1 ), 1 0 (34) 
and 104 (27). Some of the prominent fragmentation modes are 
shown in Scheme III. 11. 

Addtional proof for the structure of ^ was derived 
through its acid-hydrolysis , which resulted in the isolation of 
a 64^ yield of a product, identified as 2, 2 * -di amino-5-methyl- 
diphenyl sulfone (^) . "l he NMR spectrum of ^ (Fig- III. 10), 
for example, showed a singlet at $ 2.21 (3 H), due to the methyl 

protons and two other singlets at 6 5.53 (2 H) and 5.73 (2 H) , 
which were exchangeable with D 2 D and could be assigned to the 
two aminn groups. The spectrum contained a one proton singlet 
at 6 7.56, assigned to H-6, whereas the H-6 ' proton appeared as 
a doublet (J^r gi - ^ Hz) centred around 5 7.78. The remaining 
aromatic protons appeared as a complex multiplet centred around 
« 6.98 (5 H) . 

The formation of different dibenzothiadiazocine 
dioxides such as 4^, 4_4_ and 4_5. in the photoreactions of the 
benzothiadiazine dioxides ^ and 3^, respectively, can be 

rationalized in terms of the pathway shown in Scheme III. 12. 

It has been assumed that the thiadiazine dioxides 33-35 . on 
irradiation, undergo homolytic cleavage to give the corres- 
ponding biradical intermediates 40a-c . which can subsequently 
undergo cyclization to give 42a-c . Alternatively, the 
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thiadiazine dioxides can undergo ring— ppening through a 
concerted pathway to give the he terohexatrienes 41 a c, 
which can subsequently undergo photocyclization to give 
^a-c. The transformation of 42a-c to the dibenzothia- 
diazocine dioxides 43-45 . can occur through a [1,3] proton 
shift, either under thermal or photochemical conditions. 

1 1 1 . 3 . 3 Attempted Thermal and Photochemical Transformations 
of 2H-1 , 2 , 4-Benzo thiadiazine 1.1-Dioxides 

Encouraged by the results of our studies on the photo- 
transformations of benzo thiadiazine 1,1-dioxides leading to 
ring-expanded products, we have examined the thermal transfor- 
mations of a few benzothiadiazine 1,1-dioxides such as 2H-1,2, 
4-benzothiadiazine-2-phenyl 1,1 -dioxide (^), 2H-1 , 2, 4-benzo- 
thiadiazine-3-methyl-2-phenyl 1,1-diQxide ( 3_^) , 2H-1 , 2 , 4-benzo- 
thiadiazine-3-methyl-2-( 2 *-methylphenyl) 1,1-dioxide ( 34 K 
2H-1 , 2 , 4-benzo thi adia zine-3-me thyl-2- ( 4 ^ -me thylphenyl ) 1 ,1- 
dioxide (^) and 2H-1 , 2, 4-benzo thiadiazine-2-cyclohexyl-3-methyl 
1,1-dioxide (36) . 

Thus, heating of 2H-1 , 2, 4-benzQ thiadiazine-2-phenyl 
1,1-dioxide (^) in refluxing diphenyl ether, for 10 hr, for 
example, resulted in the isolation of a 87 % yield of N-(2’- 
formamidobenzenesulfonyl ) aniline (^), as the only isolable 
product. In contrast, the thermolysis of the thiadiazine 1,1- 
dioxides 3^ and under analogous conditions did not 



give rise to any isolable products; the starting materials 
were recovered, in each case. 

The formation of ^ in the thermolysis of ^ may 
arise through the initial addition of elements of water, 
under the reaction conditions to give the carbinol inter- 
mediate, which can subsequently undergo cleavage to 

give 3^, as shown in Scheme III. 8. 

Interestingly, the thermolysis of 2H-1 , 2 , 4-ben zo~ 
thiadiazine-2-cyclohexyl-3-methyl 1,1 -dioxide (3^) in ref- 
luxing diphenyl ether gave an 82^ yield of a product, identi- 
fied as 2-amino-2 , 3-dihy dro-2-methyl-1 , 3-bBnzathiazolB 1,1- 
dioxide (5^). The H NMR spectrum of ^ (Fig. III. 11), for 
example, showed a sharp singlet at 5 2.30 (3 H), assigned to 
the methyl protons and a second singlet at 5 3.38 (2 H, D 2 O- 
exchangeable ) , assigned to the NH 2 group protons. In addition, 
the H NMR spectrum showed a complex multiplet centred around 
6 7-54 (4 H) , due to the aromatic protons. 

The mass spectrum of 5_5 (Fig. III. 12), showed a molecular 
ion peak at m/e 198 (4). In addition, the spectrum showed seve- 
ral signals at m/e 197 (11), 196 (49), 157 (9), 156 (13), 

155 (100), 138 (10), 132 (7), 131 (9), 122 (3), IO 6 (6) and 
96 ( 7 ). Some of the probable fragmentation pathways are shown 
in Scheme III. 14. 
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The loss of a hydrogen atom from the molecular ion 
55 a could give rise to 55 b at m/e 197, which in turn can lead 
to the fragment 55 c at m/e 156. On the other hand, the loss 
of SO 2 and two hydrogen atoms from would result in the 

fragment 55 e at m/e 132, which in turn can lose one more 
hydrogen atom to give the fragment ^f at m/e 1 31 . If on 
the other hand, the fragment H 2 CCNH 2 is lost from ^a, it 
would result in the formation of ,5_5d at m/e 155. 

The fragmentation patterns indicated in Scheme III. 14 
are in support of the assumed structure for the thermolysis 

product derived from 36 . 

The formation of ^ from 3^ may be rationalized in terras 
of the pathway shown in Scheme III. 15. One of the possible 
pathways involves the initial formation of 4^, under thermal 
conditions, which will then undergo ring-opening to give the 
heterohexatriene intermediate 4^. Further transformation of 
49 through the intermediates b2 and 5^ will ultimately lead to 
55 . An alternative pathway for the transformation of 36 . 
involves its conversion to the heterotriene intermediate 50 . 
which subsequently can be transformed to through the 

intermediates ^ and as shown in Scheme III. 15. 
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EXPERIMENTAL 

All melting points are uncorrected and were determined 
on a Mel-Temp, melting-point apparatus. The IR spectra were 
recorded on Perkin-Elmer Model 377 or Model 580 infrared 
spectrophotometer. The electronic spectra were recorded on 
either Beckman DB or Cary 1 7B spectrophotometer. NMR traces 
were recorded on Varian A-60 or Bruker WH-90 NMR spectrometer, 
using tetramethylsilane as internal standard. The mass spectra 
were recorded on a Hitachi RMU-6E Single Focussing Mass spectro- 
meter or a Varian Mat CH7 mass spectrometer at 70 eV. All irra- 
diation experiments were carried out in a Srinivasan-Grif fin 
Rayonet photochemical reactor (2537 ^), or by using a Hanovia 
450-W medium-pressure mercury lamp in a quartz-j acketed immer- 
sion well, with a pyrex filter. 

III. 4.1 Starting Materials 

Triethyl orthoacetate , ^ bp 1 44-1 46° and trimethyl 
orthoacetate, ' bp 107-109° were prepared by known procedures 
whereas, triethyl orthoformate obtained from Aldrich was redis- 
tilled before use [bp 146°). N- ( 2 ’ -aminobenzenesulf onyl ) - 
aniline"^ (.2^) mp 121-122°, N- ( 2 ’ -aminobenzenesulfonyl ) -2-me thyl- 

aniline^ (2_6) mp 115-116°, N- ( 2 ' -aminobenzenesulfonyl ) -4-methyl- 

To 18 

aniline (2X) mp 125-126° and 2-nitrobenzBnBSulfonyl chloride 

mp 64-65°, were prepared by reported procedures. Petroleum 

ether used was the fraction bp 60-80°. 
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Preparatxon of 2H-1 , 2 , 4-Benzo thiadi azine- 

2- phen,vl 1,1-Dioxide (32) 

A mixture of N- ( 2 ' -aminobenzenesulfonyl ) aniline ( 25 ) 

(2.48 g, 10 mmol) and triethyl orthoformate (2^) (2.22 g, 

15 mmol) was heated around 130-140° for y2 hr and the alcohol 
that was liberated during the reaction was distilled off. After 
removal of any unchanged orthoester under reduced pressure, 
diphenyl ether (25 ml) was added to the reaction mixture and 
heated under reflux for an additional period of 72 hr. Removal 
of the solvent under vacuum gave a solid residue, which was 
washed with petroleum ether and recrystallized from chloroform 
to give 1.94 g (75%) of 2H-1 , 2 , 4-benzothiadiazine-2-phenyl 1,1- 
dioxide (32_) , mp 1 33-1 34° (lit."^ mp 1 33-1 34°). 

III. 4. 3 Preparation of 2H-1 , 2 , 4-Benzothiadiazine- 

3- methyl-2 -phenyl 1,1-Dioxide (33) 

A mixture of N- ( 2 ' -aminobenzenesulf onyl ) aniline 
(1.24 g, 5 mmol) and triethyl orthoacetate (^) (1.22 g, 

7.5 mmol) was heated around 130-140° for ^2 hr and subsequently 
in diphenyl ether for an additional period of ^2 hr. Work-up 
of the reaction mixture as in the previous case by removal of 
the solvent under vacuum, washing of the residual solid with 
petroleum ether and recrys tallization from chloroform gave 
1.01 g (74%) of 2H-1 , 2, 4-benzothiadiazine-3-methyl-2-phenyl 
1,1-dioxide (23.), mp 1 62-1 63°. 
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Anal. Calcd for Ci4Hi 2^2°2S ; C, 61 .76; H, 4.41 ; N, 
10.29; Mol. wt., 272. Found; C, 61.90; H, 4.44; N, 9.96; 

Mol. wt., 272 (Mass spectrometry). 

IR spectrum (KBr) v : 3040, 2980 and 2940 cm~^ 

m 3x 

1601 cm ^ *''^C=I\I^' 1 575 cm””* (v^_£), 1 332 and 

1 060 cm”^ SO ^ ‘ 

UV spectrum (methanol) 260 nm (e, 14,100), 

270 (11,900, sh) and 297 (8,700, sh). 

NMR spectrum (CDCl 2 )i ^ 2.14 (3 H, s, methyl) 

7.40 (B H, m, aromaticlarl 7.8 2 (1 H, d, g = 7 Hz, H-8). 

III. 4. 4 Preparation of 2H-1,2,4-Benzothiadiazine-3-meth.vl- 
2- ( 2 * -me thylphenyl ) 1,1-Ilioxide (34) 

A mixture of l\!-(2 ’-aminobenzenesulfonyl) -2-methyl- 
aniline (2^) (4.7 g, 18 mmol) and triethyl orthoacetate ( 30 ) 

(4.05 g, 25 mmol) was heated around 1 30-140*^ for y2 hr and 
later in refluxing diphenyl ether for an additional period of 
y2 hr. Removal of the solvent under vacuum and work-up of 
the reaction mixture as in the earlier cases gave a product, 
which was recryst allized from chloroform to give 3.35 g (65?a) 
of 2H-1 , 2, 4-benzothiadiazine-3-methyl-2- (2 ’-methylphenyl) 
1,1-dioxide (li), mp 1 55-1 56® (lit."*" mp 1 54-1 55°). 
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III. 4. 5 Preparation of 2H~1>2,4-Benzothiadiazine-3^meth.vl- 
2- (4 * -methylphenyl ) 1,1-DiQxrde (35) 

Heating of a mixture of N- ( 2 ' -aminobenzenesulf onyl ) - 
4-me thylaniline (^) (2.62 g, 10 mmol) and trimethyl ortho- 
acetate (^) (1.8 g, 15 mmol), around 1 30-140° for y2 hr and 

later in refluxing diphenyl ether for an additional period of 
y2 hr, and work-up as in the earlier cases gave 2.1 g, (73'^) of 
2H-1 ,2,4-benzothiadiazine-3-methyl-2-(4’-methylphenyl) 1 ,1 - 
dioxide (3^), mp 172-173°, after recrystallization from 
chloroform . 

Anal . Calcd for *'■] 5 ^'! 4'^2^2^ ' 62.94; H, 4.90; 

N, 9 . 19 . Found: C, 62.89; H, 4.62; N, 9.41. 

IR spectrum (KBr) v : 3060, 3020, 2920 and 2860 cm 
' m 3 X 

(Vj,_j^), 1610 cm"'* 1 585 cm”^ 

^^^ 502 ^ * 

UV spectrum (methanol) X : 260 nm (e, 15,000), 

max 

275 (11,000, sh) and 300 (8,500). 

NMR spectrum (CDCl^): ^ 2.1 (3 H, s, methyl), 

2.4 (3 H, s, methyl) and 7.6 (9 H, m, aromatic). 

Ill .4.6 Preparation of 2H-1 , 2, 4-Benzothiadiazine- 
2-cyclobexyl-3-methyl 1,1-Dioxide (36) 

To a stirred mixture of pyridine (4.0 g, 64 mmol) and 
cyclohexylamine (5.5 g, 56 mmol), 2-nitrobenzenesulf onyl 
chloride (11.0 g, 50 mmol) was added in small portions, over 
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a period of ^ 2 . hr. The reaction mixture was subsequently warmed 
to around 60-70 for ^ hr and was then treated with dilute hydro 
chloric acid (2 N, 150 ml) and the residue obtained was recrysta 
llizied from chloroform to give 11.0 g (77^^) of N- ( 2 ' -nitroben- 
zenesulfonyl ) cyclohexylamine, mp 85-86°. 

Anal . Calcd for 2^’l 50*T6; H, 5.41; 

M, 9.41. Found: C, 50.70; H, 5.63; N, 9.86. 

IR spectrum (KBr) 3300 cm ^ 3100, 2930 

*1 ^ 
and 2860 cm 1 330 and 1160 cm ^'^502^* 

NMR spectrum (CDCl^)! *^1.4 (10 H, m, methylene), 

3.2 (1 H, m, methine), 5.1 (1 H, broad, NH) and 7.7 (4 H, m, 
aromatic) . 

To a hot solution of N- ( 2 ' -nitrobenzenesulfonyl) - 
cyclohexylamine (11.3 g, 40 mmol) in glacial acetic acid 
(100 ml), maintained around 70°, was added iron powder (ID g) 
in small portions over a period of 3 hr. The contents were 
cooled, filtered and poured over crushed ice. The solid that 
separated out was washed with water and recrystallized from 
methanol to give 8.0 g {79S) of N- ( 2 '-aminobenzenesulfonyl) - 
cyclohexylamine, mp 106-1D7 • 

IR spectrum (KBr) 3440 and 3360 cm (v^_h, 

asymmetric and symmetric), 3290 cm"^ 

2840 cm-' '^^0 and 1140 cm’ (vgo^'- 
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A mixture of N- ( 2 * -aminobenzenesulfonyl ) cyclohexylamine 
(2.54 g, 10 mmol) and tnmethyl orthoacetate (^) (1.60 g, 

15 mmol) was heated around 130-140° for 72 hr. The reaction 
mixture, on cooling gave a solid material, which was washed 
with hexane and recrys tallized from carbon tetrachloride to give 
2.3 g of N- ( 2 ' -benzenesulf onylcyclohexylamine ) ace timino 

ethyl ether (. 3 7 e ) mp 95-96°. 

IR spectrum (KBr) 3320 cm"”^ j^) , 3060, 301 0, 

2920 and 2840 cm”"' j_^) , 1 660 cm”"' 1 280 and 1 1 60 cm”^ 

A solution of N-(2 ’-benzenesulfonylcyclohexylamine) - 
acetimino ethyl ether ( 3 7 e ) (2.5 g, 0.8 mmol) in 1 , 2-dichloro - 

benzene (25 ml) was heated to reflux for 2 hr and later the 
solvent was removed under vacuum to give a residual solid, which 
was washed with petroleum ether and recrystallized from carbon 
tetrachloride to give 1.54 g (69%) of 2H-1 , 2, 4-benzothiadiazine- 
2-cyclohexyl-3-me thyl 1,1-diaxide (3^), mp 122-123°, , 

Anal . Calcd for 0^2^2^ ’ 60.43; H, 6.47; 

N, 10.07; Mol. wt., 278. Found: C, 59.98; H, 5.94; N, 10.38; 

Mol, wt., 278 (Mass spectrometry). 

IR spectrum (KBr) 3020, 2990, 2920 and 2860 cm ^ 

(v^ l_l) , 1 570 cm”"' 1 320 and 1180 cm ^ 

UV spectrum (methanol) X ; 260 nm (e, 2,300) and 
^ max 

297 (2,200). 



NMR spectrum (CDCl^): ^ 1.55 (10 H, m, methylene), 

2.56 (3 H, s, methyl), 3.97 (1 H, m, H-1 ' ) and 7.55 (4 H, m, 
aromatic ) . 

Mass spectrum m/e (relative intensity): 278 (21), 

236 (4), 21 2 (7), 1 99 (6), 1 98 (21 ), 1 97 (52), 1 96 (100), 

163 (3), 156 (54), 155 (55), 149 (5), 138 (9), 137 (0), 

133 (15), 132 (40), 131 (27), 130 (12), 118 (10), 117 (39), 

116 (ID), 108 (10), 107 (9), 106 (10) and 98 (18). 

III. 4. 7 Irradiation of 2H-1 , 2 , 4-Benzothiadiazine- 
2-phen,vl 1,1-Dioxide (32) in Methanol 

A solution of _3_2 (222 mg, 0,86 mmol) in methanol 

(220 ml) was irradiated for 1 hr using a 450-W Hanovia 

medium-pressure mercury lamp, provided with a pyrex filter. 

The photolysis was repeated thrice, to irradiate, in all, 

880 mg (3.4 mmol) of Removal of the solvent from the 

combined photolysates under vacuum gave a product mixture, 
which was chromatographed over silica gel. Elution with a 
mixture (1:1) of petroleum ether and benzene gave 605 mg 
( 72 %) of N- ( 2 ' -aminobenzenesulf onyl ) aniline (2^), mp 121-122*^ 
(mixture melting point), after recrystallization from chloroform. 

Further elution of the column with a mixture (4:1) 
of petroleum ether and ethyl acetate, gave 75 mg (B'jC) of 
rJ-(2 '-formamidobenzenesulfonyl) aniline (^) , mp 151-152° 
after recrystallization from chloroform. 



Mai. Calcd far 3H^ 3^ • 5^*52; H, 4.35; 

N, 10.14; Mol. wt., 276. Founds C, 56.39; H, 4.30; N, 10.38; 
Mol. wt., 276 (Mass spectrometry) 

IR spectrum (KBr) 3325 cm""' 3160 and 

3000 cm""' 2900 cm""' 1 680 cm"'' 1340 

and 1150 cm ^ ^ * 

UV spectrum (ethanol) \ : 280 nm (e, 5,250) and 

246 (21,900). 

III. 4. 8 Irradiation of 2H-1 , 2, 4-Benzo thiadiazrne- 
2-phenyl 1,1-Dioxide (32) in Benzene 

A solution of ^ (222 mg, 0.86 mmol) in benzene was 
irradiated in a Srinivasan-Grif fin Rayonet photochemical 
reactor using a 2537 ^ light source for 1 .6 hr. The irra- 
diation was repeated once again, to photolyse in all, 444 mg 
(1 .72 mmol) of Removal of the solvent under vacuum from 

the combined photolysates gave a product mixture, which was 
chromatographed over silica gel. Elution with a mixture (4;1) 
of petroleum ether and benzene gave 43 mg (10%) of the unchanged 
starting material (22)? mp 133-134° (mixture melting point). 
Further elution of the column with a mixture (4:1) of petroleum 
ether and ethyl acetate, gave 323 mg (68%) of N- (2 ’ -f ormamido- 
benzenesulfonyl ) aniline (3£), mp 151-152° after recrystalliza- 
tion from chloroform. 
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111. 4. 9 Reaction of N-( 2 ’-Aminobenzenesulfonyl) aniline 
(25) with Formic Acid 

A mixture of 2^ (250 mg, 1 mmol) and formic acid 
(05^, 2 ml) was heated around 75-80° for 3 hr and was poured 
over crushed ice. The solid material that separated was 
filtered, washed with water and later recrystallized from 
chloroform to give 195 mg, of N-(2'-formamidobBnzene- 

sulfonyl ) ani lin e , mp 151-152° (mixture melting point). 

111. 4. 10 Irradiation of Ni-(2 * -Formamidobenzenesulfonyl) - 
aniline (39) in Methanol 

A solution of ^ (220 mg, 0.8 mmol) in methanol (220 ml) 
was irradiated for 1 hr using a 45D-W Hanovia medium-pressure 
mercury lamp, provided with a pyrex filter. Removal of the 
solvent under vacuum gave a residual solid, which was recrystal— 
lized from chloroform to give 140 mg (71^) of N- ( 2 ' -aminobenzene 
sulfonyl) aniline (2^), mp 121-122° (mixture melting point), 

1 1 1 . 4 . 1 1 Irradiation of 2H-1 . 2 , 4-Benzo thiadiazine-2- 
phen.vl-3-me thyl 1,1-Dioxide (33) in Methanol 

A solution of ^ (185 mg, 0.68 mmol) in methanol (180 ml) 
was irradiated for 2 hr, in a Srinivacan- Grif f in Bayonet photo- 
chemical reactor using a 2537 ^ light source. The photolysis 
was repeated twice and the solvent from the combined photoly- 
sates was removed under vacuum to give a residual solid, which 
was chromatographed over alumina. Elution w^th a mixture (1 iS) 
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of benzene and petroleum ether gave 225 mg (40%) of the unchan- 
ged starting material (3^), mp 162-163° (mixture melting point), 
after recry stallization from chloroform. 

Further elution of the column with a mixture (1:3) 
of petroleum ether and benzene gave 242 mg (44%) of 5H-dibenzo- 
[ ^> g] [ 1 > 4 , 6] thiadiazocine-6-methyl 1 2 , 1 2-dioxide (^) , mp 214- 
215°, after recrys tallization from acetone. 

Anal . Calcd for ^ 2 ^ 2 ^ 2 ^" 61*76; H, 4.44; 

N, 10.29; Mol. wt., 272. Found: C, 61.30; H, 4.79; N, 10.02; 
Mol. wt., 272 (Mass spectrometry). 

IR spectrum (KBr) v : 3320 cm”^ (v ,.)» 3060 cm~^ 

^ max N-H ’ 

(v^__l_|), 1690 cm“^ ^ 1 330 and 1150 cm~^ ^''SO 

UV spectrum (ethanol) X ; 254 nm (e , 17,000), 

max 

300 (6,700) and 350 (250). 

III. 4. 12 Irradiation of 2H-1 , 2 . 4-Benzo thiadi azine-3- 
methyl-2-phenyl 1,1 -Dioxide (33) in Benzene 

A solution of 3^ (400 mg, 1.47 mmol) in benzene 
(300 ml) was irradiated for 21/2 hr in a 5rinivasan-Grif fin 
Rayonet photochemical reactor, using a 2537 ^ lamp source. 
Removal of the solvent under vacuum from tt-,e reaction mixture 
gave a residual solid, which was chromatographed over neutral 
alumina. Elution with a mixture (1:9) of benzene and petroleum 
ether gave 201 mg (50%) of the unchanged starting material ( 33 ) . 
mp 162-163° (mixture melting point), after recrystallization 
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from chlorof'orm . Further elution of the column with a mixture 
(1 :0) of benzene and petroleum ether gave 100 mg ( 25 %) of 43 . 
mp 214-215° (mixture melting point), after rscrys tallization 
from acetone. 

111. 4. 13 Acid-Hydrolysis of 5H-Dibenzo [b , q] [ 1 , 4 , 6] - 
thiadiazocine-6-meth.yl 1 2 , 1 2-Dioxide (43) 

A mixture of 4_^ (50 mg, 0,10 mmol) and aqueous hydro- 
chloric acid (25^, 1 ml) was heated around 40-50° for 3 hr. 

The reaction mixture, on cooling was neutralised with ammonia 
solution and the precipitate thus resulted was filtered off 
and recrystallized from acetone to give 33 mg ( 74 %) of 2,2’-di- 
aminodiphenyl sulfone (4^), mp 145° (lit.^^ mp 146°). 

1 1 1 . 4 . 1 4 Irradiation of 2H-1 ,2,4-Benzothiadiazine-3-methvl- 
2- ( 2 ^ -methylphenyl ) 1,1-Dioxide (34) in Methanol 

A solution of 3^ (200 mg, 0.7 mmol) in methanol 
(180 ml) was irradiated for 4 hr in a Srinivasan- Griff in 
Bayonet photochemical reactor using a 2537 ^ lamp source. 

The irradiation was repeated twice, to photolyse, in all, 

600 mg (2.1 mmol) of Removal of the solvent under vacuum 

from the combined photolysates gave a residual solid, which 
was chromatographed over neutral alumina. Elution with a 
mixture (1:9) of benzene and petroleum ether gave 250 mg (42'Jo) 
of the unchanged starting material (3^), mp 154-155° (mixture 
melting point), after recrystallization from chloroform. 
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Subsequent elution of the column with a mixture (1:3] of 
benzene and petroleum ether gave, 200 mg (335() of 5H-di- 
benzo[b,g] [1 , 4 , 6] thiadiazQcine-4 , 6-dimethyl 1 2 , 1 2~dioxide 
(:i4.) , mp 238-239°, after recrys tallization from acetone. 

Anal . Calcd for *--1 62.94; H, 4.89; 
l\l, 9. T9; Mol. wt., 206. Found: C, 62.58 , H, 4.55; N, 9.68; 

Mol. wt. , 286 (Mass spectrometry). 

IR spectrum (KBr) v : 3364 cm~^ (vm u), 2916 cm~^ 

max IM-H 

('^[-_l^) , 1 684 cm ^ 1 564 cm ^ C^’ ^ 1164 

''■sOj*- 

UV spectrum (ethanol) X : 254 nm (e , 1 7,200), 

rn 3X 

301 (6,800) and 350 (200). 

III. 4. 15 Irradiation of 2H-1,2.4-Benzothiadiazine- 
3-me thyl-2- ( 2 * -methylphenyl) 1 ,1-Dioxide 
(34) in Benzene 

A solution of 3 ^ (192 mg, 0.67 mmol) in benzene 
(180 ml) was irradiated for 3 hr in a Srinivasan-Gri f fin 
Bayonet photochemical reactor, using a 2537 ^ light source. 

The photolysis was repeated twice to irradiate, in all, 576 mg 
(2.0 mmol) of Removal of the solvent under vacuum gave a 

residual solid, which was chromatographed over neutral alumina. 
Elution with a mixture (1:9) of benzene and petroleum" ether gave 
200 mg (35%) of the unchanged starting material (^) , mp 154- 
155° (mixture melting point), after recrystallization from 
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chloroform. Subsequent elution of the column with a mixture 
(1:3) of benzene and petroleum ether gave 212 mg {. 21 %) of 44 , 
mp 238-239° (mixture melting point). 

1 1 1 . 4 . 1 6 Irradiation of 2H-1,2,4-BenzDthiadiazine-3-methvl~ 

2- ( 4 ' -me thylphenyl ) 1,1-DioxidB (35) in Methanol 

A solution of ^ (1.0 g, 3.5 mmol) in methanol (350 ml) 
was irradiated for 16 hr in a Srinivasan-Griff in Bayonet photo- 
chemical reactor provided with a 2537 ^ lamp source The 
solvent was removed under vacuum and the residual solid was 
chromatographed over alumina. Elution with a mixture (1 :9) of 
benzene and petroleum ether gave 450 mg (45^) of the unchanged 
starting material (^) , mp 172-173° (mixture melting point), 
after recrys tallization from chloroform. Subsequent elution 
of the column with a mixture (1 :3) of benzene and petroleum 
ether gave 300 mg ( 30'5S) , of 5H-1 , 2 , 4-dibenza [b , g] [1 , 4 , 6 ] thia- 
diazocine-2 , 6 -dimethyl 1 2 , 1 2-diDXide (4_5.) , mp 226°, after 
recrystallization from acetone. 

Anal . Calcd for 5 ^^ ^^ 2025 : C, 62.94; H, 4.89; 
l\l, 9.79; Mol. wt. , 286. Found: C, 63.39 ; H, 4.76; N, 9.77; 

Mol. wt., 286 (Mass spectrometry), 

IR spectrum (KBr) 3340 cm ^ 3070, 3040, 

2980 and 2930 cm"** ''^ 8 ° cm"^ ^ ° ^ ^ 
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UV spectrum (methanol) 250 nm (e, 39, BOO), 

300 (10,100) and 350 (900) . 

III. 4. IT Irradiation of 2H-1 , 2 , 4-Benzothladlazlne-3-methvl~ 
2-(4' ylphenyl) (35) in Benzene 

A solution of (1*0 g, 3.5 mmol) in benzene (35D ml) 
was irradiated for 16 hr, as in the previous experiment. Work- 
up of the reaction mixture by removal of the solvent under 
vacuum gave a solid residue, which was chromatographed over 
neutral alumina. Elution of the column with a mixture (1s9) 
of benzene and petroleum ether gave 400 mg (40%) of the 
unchanged starting material (3^), mp 172-173°, after recrystal- 
lization from chloroform. 

Further elution of the column with a mixture (1 j 3) 
of benzene and petroleum ether gave 460 mg (46%) of 5H-1,2,4- 
dibenzQ[b,g] [l ,4,6] thiadiazocine-2, 6 -dim ethyl 12,1 2-dioxide 
(45). mp 226° (mixture melting point), after recrystallization 
from acetone. 

III. 4. 18 Acid-Hydrolysis of 5H-1 , 2, 4-Dibenzo [b , g] [ 1 , 4 , - 
t hi a d iazocin6"2 , 6-dim6 thyl 1 2, 1 2-‘DiQXide 

A mixture of 4 5 (60 mg, 0*21 mmol) and dilute (25%) 

hydrochloric acid (2 ml) was heated around 40 — 60 for 3 hr. 

The reaction mixture was neutralized with ammonia and the 

precipitated solid was filtered off, washed with water and 

recry s talli ze d from acetone to give 35 mg (64%) of 2,2 -di- 

o 

amino-5-methyldip henyl sulfone f mp 1B4 ♦ 
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An al . Calcd for 59.54; H, 5.34; 

N, 10.69; Mol. wt., 262. Found: C, 59.76; H, 5.40; N, 10.12; 
Mol. wt., 262 (Mass spectrometry). 

IR spectrum (KBr) v ; 3480, 3300 and 3220 cm”"'* 

max 

(V|^_^), 3050 and 2920 cm”'* 1620 cm””* ), 1310 

and 1130 cm”^ ^^50 

Mass spectrum m/e (relative intensity): 262 (51), 

226 (6), 197 (32), 196 (35), 195 (6), 183 (15), 181 (39), 

167 (38), 149 (100), 122 (11), 113 (18), 112 (19), 106 (29), 

1 04 (27) and 93 ( 21 ) . 

I II. 4. 19 Thermolysis o f 2H-1 , 2, 4-Benzothiadiazine-2-phenyl 
1 ,1 -Dioxide (32) in Diphenyl Ether 

A solution of 32, (800 mg, 3.10 mmol) in diphenyl 
ether (10 ml) was heated to reflux for 10 hr. The solvent 
was removed under vacuum and the residue was washed with 
petroleum ether to give 744 mg (BJ%} of N- ( 2 ' -f ormamido- 
benzenesulfonyl) aniline (32.), mp 151-152° (mixture melting 
point), after recrystallization from chloroform. 

1 1 1. 4. 20 Attempted Thermolysis of 2H-1 , 2, 4-Benzo thiadiazine- 
3-me thyl-2-phenyl 1,1 -Dioxide (33) in Diphenyl Ether 

A solution of 33, (300 mg, 1.1 mmol) in diphenyl ether 
(4 ml) was refluxed for 9 hr. Removal of the solvent under 
vacuum gave a residual solid, which was recrystallized from 
chloroform to give 250 mg (83%) of the unchanged starting 
material (H) » 161-162° (mixture melting point). 
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